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People of importance use 
G.E.C. Semiconductors. 
Because they can't stand 
mediocrity, they prefer 

to take the best and 
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This is why, when 
semiconductors are to be used 


they look first to G.E.C. 
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Smoke hampers operations. . . . The 
rescue team wearing breathing apparatus 
carry a radio-telephone. This is their only 
link with Control — to report progress 
and receive instructions. 





Many makers of telecommunication 
equipment depend upon BICC Bicalex 
Winding Wires. With the advantages 
of mechanical strength, flexibility, 
chemical resistance, compactness and 
excellent electrical properties, Bicalex 
Enamelled Wires are a wise choice for 
equipment of vital service. 


Publication No. 322A gives further information. 
May we send you a copy ? 


There’s a BICC Winding Wire 
for every electrical purpose. 


winding wires 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 BLOOMSBURY STREET LONDON WCI 
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COMPACT COOLNESS 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand—but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 


and-a-half square feet of surface area. This is just one instance of the 





compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 
of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 









MARSTON EXCELSIOR 
The Mark of Craftsmanship 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAR 265 
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STANDARD TYPES for IMPROVED STABILITY 
AM Miniature } watt, range 100 ohms to S00 kilohms. Axial leads.’ CONSISTENT ACCURACY 
iniature }, w: ohms to 200 kilohms. Radia’ 
RM2 Miniature }, watt, 100 ohms to 200 kilohms. Radial leads. GUARANTEED TEMPERATURE 


P Plug in type on international octal base, 10 ohms to 10 megohms. 
T Tapped resistor, max-resistance 1 megohm in each of up to COEFFICIENT 
sections. 


Ss Standard precision type, 0.1 ohm to 3 megohms, 1W, $W or }W. 
L High resistance, high voltage, 10 ohms to 40 megohms from 


2 to 8W 
D Decade resistor for digital measuring instruments, parallel for GH ONTION 
or series. 
On American sized bobbins, 4, 4 and }W from 100 obms to 
1.5 megohms. 


e Special temp. coefficient type guaranteed to -+-0.0004% per °C. 
B Power type for servo use, 0.5 ohms to 50 kilohms, for 3, 5 & 10W. 


‘SPECIALS’ SUPPLIED TO CUSTOMERS’ REQUIREMENTS 


Alma COMPONENTS LIMITED ~- Park Road, Diss, Norfolk. Telephone: Diss 2288 


London Office: 551 Holloway Road, London, N.1I9. Telephone ARChway 0014/5 
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TRANSFORMERS CHOKES SOCKETS 
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= Miniature 2 

= Electronic Components 2 

= z = 

= = = = 

= = = a 

= =} FULL TECHNICAL DATA UPON REQUEST = = 

—s = = AMPLIFIERS = 

== = =: = 

—— = ARDENTE ACOUSTIC LABORATORIES LTD 

— POTENTIOMETERS = #12 MINERVA ROAD : LONDON : NW10 = Phone: ELGAR 3923 (6 lines) Telegrams: HAILER, LONDON | 
EE 26 007 for further details 
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We are proud that our output of capacitors includes 
precision types made to a wide range of working 
voltages and close tolerance capacitance values. 
But we are equally proud that we make others 
best suited to more general, run-of-the mill 
applications. And we are proudest of all that 
every capacitor we make is competitively 
priced and upholds the unmatched 
T.M.C, reputation for reliability. We 

invite you to put them to the test. 


TMC 





nformation fron 


HAVE A BIG CAPACITY FOR CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Components Division - 


Cray Works 
Telephone: Orpington 26611 


+ Sevenoaks Way + Orpington + Kent 
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for corrosion protection ..... 


Electrodeposited cadmium for maximum protection in marine and tropical 
service. Where the utmost corrosion resistance is 


required, the deposit should be fully passivated. 


Electrodeposited zinc is superior to cadmium in industrial atmospheres and 
is cheaper. It should be fully passivated for 
maximum resistance or deposited bright with clear 
passivation when appearance is important 
but 

When design is complete and production starts or when your plating plant is 

overloaded or for further advice 


consult 


TONIC tonic pratine co. 110., GROvE STREET, BIRMINGHAM, 18 
Telephone : SMETHWICK 2951 (8 lines) 


THE METAL FINISHING DIVISION OF THE G.K.N. GROUP OF COMPANIES 
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Typical Properties of Silicone-Glass Laminates 


PERMITTIVITY (Kk) 
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SILICONE RESIN-BONDED GLASSCLOTH LAMINATES have excellent dielectric pro- 
perties over a wide frequency range, low water absorption, excellent arc resistance and thermal 


endurance that permits operation up to 250°C. 


An impoftant feature of these laminates is that they retain high insulation resistance under humidity 


cycling. 


Silicone-glass laminates are made as flat sheets, as tubes and in a variety of shapes. They can be 
machined without difficulty provided tungsten carbide tools are used and the cutting edges are 
kept very sharp. They may also be cut with abrasive disc machines. 


Applications include: printed circuits, coil formers and as supporting or separating materials in 


all kinds of electrical and electronic equipment. 








SER ST Ee ae 1:8 

Tensile strength, Ib/sqin............ 15,000—30,000 

Flexural strength, ib/sqin....... . i « « 30,000-50,000 

Water absorption after 24 hrs immersion, ° 0:07-0:02 

o,f. 2 2.2). Farner 0:001—0:003 

ee ee ee 3:6—-4:2 

Electric strength 4” thick, V/mil...... 200-500 
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The properties and applications of silicone-glass 
laminates are dealt with more fully in our booklet L18 
— please write for a copy. 


Ms) 


MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Lid. and Dow Corning Corporation) 
first in British Silicones 

68 KNIGHTSBRIDGE - LONDON - SW1 

TELEPHONE : KNIGHTSBRIDGE 7801 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


WP) wiser 
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Birlec Adsorption Dryer at the AEI Heavy Plant Division, Rugby, drying 


compressed air for dry boxes in which are assembled germanium powder, semt- 


conductor, rectifier cells. 





® $M/B86230 
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CHANNELS 


Moisture costs money as it slows down production 
and causes deterioration in quality of electronic 
components. 

Birlec Direct Dehumidifiers — simple, reliable 

and economical —are already maintaining very low 
humidities for the manufacture of transistors, 


computors, radar sets, cathode ray tubes, etc. 


AEI-Birlec Limited 


Tyburn Road: Erdington: Birmingham 24 
Telephone: East 1544 Telex No: 33477 


LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW CARDIFF 
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For 
Ground, Sea and Air 


FERRANTI 


GROUND RADAR 


MARINE RADAR 


A comprehensive range of Ferranti T.R. Cells 
is available covering frequencies from 
1000 Mc/s. to 35000 Mc/s. For further 


information write to 


FERRANTI LTD * KINGS GROSS ROAD - DUNDEE 


Telephone: DUNDEE 87141 


ELECTRONIC ENGINEERING 


Series OF .32 

Medium Q S-Band Tunable T.R. Cell 
Peak Power : 100KW. 
Frequency Range: 2600-3950 M/cs. 


AIRCRAFT RADAR 


GUIDED MISSILES 


[dlerranti 


O5Tes 
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PRECISION WIREWOUND RESISTORS 


'y RIVLIN 


STANDARD jiw to 3w; 0-19 to 3MQ. To tolerances up to + 0:1% 
of nominal value or 0-012 whichever is greater. Terminals, solder 
lugs or wire leads Epoxy resin encapsulated. 


PLUG IN jw (other ratings to order); 50Q to 200k. To 
tolerances up to + 0-1% of nominal value. Fitted gold plated phosphor 
bronze pins to fit Electro-Method D.2. socket (other spacing to order). 
Tough resin encapsulated. 


PRINTED CIRCUIT jw (other ratings to order) ; 502 to 200kQ, 
To tolerances up to + 0-1% of nominal value. Fitted silver 
finished phosphor bronze pins to standard Printed Circuit 
Module. Tough resin encapsulated. 


Above are but three types of high precision 
resistors from the comprehensive Rivlin range. 
Whatever your resistor requirement ‘Standard’ 


or ‘to-specification’—it is sound judgment to ask 
Rivim first—the high-precision resistor 
specialists. 
RIVLIN INSTRUMENTS LIMITED 
DOMAN ROAD * CAMBERLEY * SURREY * Tel: CAMBERLEY 2507/8 * Grams: RIVELECTRON, CAMBERLEY 
LONDON OFFICE. Tel: SWISS COTTAGE 3038 
GD 201 
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Printed 
Circuit 
Counter 
Panels 


5O0kc/s Scaler 


: 1Mc/s Scaler 
A complete range of transistorized counter 


: S input Amplifier 
panels of common size, fixing method 


: . : Gate Unit 
and electrical connexion, designed to provide 


j j 10k Oscillator 
a flexible unit system c/s i 


; a illat 
whereby any special requirements ea Seer 


in the counting or data processing fields Power Unit 


can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 


A fully illustrated brochure giving = denddt Outnet Ua 


omplete performan 
° P P ance and Read-out Unit 


specification figures for : : 

Meter Display Unit 
every panel in the range is . 

Lamp Display Unit 
available on request. 

Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road: London: SE 26 
HiTher Green 4600 








oles and Servicing Agents: Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thorniebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Led., 112/I 14;Priechect Street, Birmingham, 6 
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G.P. 
use I-C-T 
computer 


TIME OF STORES PROVISIONING CUT BY TWO-THIRDS 


Without the efficiency of their stores provisioning, G.P.O. tele- 
communications could never be the extremely competent public 
service that they are today. Every one of the 30,000 items stocked 
should be available immediately throughout the vast countrywide 
network; yet, to avoid locking up too much capital, no item must 


be overstocked. 


This is one of the world’s most for- 
midable stock control jobs. With 
their advanced thinking it was 
natural that the G.P.O. should turn 
to electronics to increase their 
efficiency. They chose for immedi- 
ate use anI-C-T 1200 series computer. 
This computer has been working for 
a year only, but it has already 
demonstrated its value as a tool for 
controlling a stockholding worth 
£48 million. 

It accurately reviews thirty 
thousand items each month; indi- 
cates unbalance, excesses and 
shortages, and consistently assists 
in maintaining the stores holding 
at the practical minimum. In fact, 
as Mr. Bevins, the Postmaster 
General, said recently: ‘This com- 
puter has allowed us to cut by 
two-thirds the time taken to obtain 
the key facts we need to keep our 
stock of 30,000 different items of 
engineering stores adequately, but 


— 
> 


«’ 


ee 


not more than adequately, re 
plenished.’ 


An I-C-T computer 
can help your business, too 


It can make your wires hum faster 
by directly assisting your manage- 
ment and financial accounting, 
production control, or whatever 
your particular problem may be. A 
computer is certainly a major 
investment; but the dividend it 
pays is enormous. 


INTERNATIONAL COMPUTERS 
AND TABULATORS LIMITED 


for Britain's most widely 
used commercial computers 


149 Park Lane, London W1 
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Better make it |Birch/ 








for TOROIDAL 
RESISTORS 


FORMER. Patented ceramic mould- 
ing with horizontal opposed copper 
graphite internal brush movement. 
WINDING. Best quality resistance 
wires to B.S.S.115. Write for list 
No. 130. 


for STUD TYPE 
RESISTORS 


Stud type Regulating Resistors of 
front - of - board or back - of - board 
patterns. All resistors are fully 
tested for correct grading, in- 
sulation resistance and minimum 
high pressure test of 2,000 volts 
F.M.S. A.C. for one minute. 

Write for list No. 120 


for VITREOUS 
ENAMELLED a 
RESISTORS az 


FERRULE END TYPE (JOINT SERVICE— 
TYPE APPROVED) 9 SIZES—10-250 
WATT 


Fully vitrified porcelain former winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 


WIRE END TYPE 7 SIZES—1} to 30 WATT 
Axial or Radial leads, tinned, securely 
fixed to the unit and capable of supporting 
the weight of the resistor, which can 
therefore be soldered in to equipment 
Write for list No. 190 


\Birch/ make it better 


H. A. BIRCH & CO. LTD., WOOD STREET, WILLENHALL, STAFFS. 


Telephone WILLENHALL 494-495 ‘Grams. Wilohm Willenhall 


LONDON OFFICE: HERGA WORKS, WALLINGFORD ROAD, UXBRIDGE, MIDDLESEX 
Telephone UXBRIDGE 5211 
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AUTOMATIC NARROW BAND 
FREQUENCY AWNALYS/S 


| Octave 
Selectivity 
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The Frequency Analyzer Type 2107 can be used as 


Narrow Band Frequency Analyzer with adjustable selectivity, 

Sound Level Meter incorporating the internationally standardized weighting networks for 
sound level measurements, 

Vibration Level Meter together with the Briel & Kjzr preamplifiers, 

Automatic Narrow Band Spectrumrecorder together with the Briiel & Kjzr Level Recorder, 
Direct reading R. M.S. Distortion Factor Meter, 

Linear Vacuum Tube Voltmeter, 

1/3 Octave Bandwidth Analyzer together with the Briel & Kjazr 1/3 octave Filter Set. 


Adr.: NARUM, DENMARK - Teleph.: NAAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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‘‘SCALAMP’’ DOUBLE- 
REFLECTION GALVANOMETERS 


Combining robustness with 
sensitivity, this new range of 
four instruments employs a 


unique — lever system 
t 


which is fitted to the familiar 

“Scalamp” taut suspension 

unit and exactly doubles its 
sensitivity. There are now 
TWELVE different 
“Scalamp” Galvanometers, 
each containing the numer- 
ousconvenient features which 
have proved so popular. 





Cat. No. 7901/T to 7904/T 














‘‘SCALAMP’’ THERMOCOUPLE GALVANOMETER 


An accurate and speedy means of measuring temperature, 
using Copper/Advance thermocouples of up to 350Q resistance. 
Direct reading is possible due to reliable automatic cold junc- 
tion compensation. Ranges 0—150°C and 0—300°C. Accuracy 
+ 2%. Thermocouple kit is included. 


Cat. No. 7840 














“‘SCALAMP’’ MEGOHM-PER-VOLT D.C. VOLTMETER 


A portable instrument giving all the advantages of a sensitive 
valve voltmeter but without zero drift. Ten ranges give full 

scale readings of 10mV, 30mV, 100mV, 300mV, IV, 3V 
10V, 30V, 100V and 300V. Full scale current drain only 1 uA. 


Cat. No. 11320 












40kV¥ ELECTROSTATIC 
VOLTMETER 


*“SCALAMP’’ ELECTROSTATIC 
VOLTMETERS 





Direct reading up 
to 40kV d.c. or 
r.Mm.s. a.c. regard- 
less.of waveform. 
Negligible leak- 
age. Rapid re- 
sponse. Accuracy 


+ 2¥ 
t 2% 












Three instruments 
with ranges of | to 
5,3 to 10 and 5 to 
18kV d.c. and 1 
to 5, 3 to 10 and 
5 to 12kV r,m.s. 
a.c. Negligible 
leakage. Accuracy 
+2% 





Cat. No. 11314 








W. G. PYE & CO. LTD. 


Granta Works, P.O. Box 60, Cambridge, England. Tel: Cambridge 54411! (5 lines). Grams: Pye, Cambridge 


ELECTRONIC ENGINEERING 14 OCTOBER 1960 





EE 26019 for further details 


The “‘Belling-Lee”’ laboratories 


include a fully equipped Type Test 


Department where, for example, 


mass spectrometry is employed for 


measuring the efficiency of seals. 


This is the latest technique which 


enables minute traces of a selected 


gas to be detected and accurately 


assessed in a matter of minutes, 


and renders the tracing of leakage 


rates as low as 10~® lusec under a 


pressure differential of one atmosphere 


a routine matter. With relatively 


little extra difficulty, leakage rates down 


to 107! lusec can be measured, which 


represents a leakage of approximately I c.c. 


in 250,000 years! The lusec, or litre, micron 


per second, is defined as the flow of as much gas 


as would produce a pressure increase of I micron 


.OOI mm.) of mercury per second in a 1 litre container, 


at oC. 


Regd. 


OCTOBER 


1960 


Most “Belling Lee’’ products are covered by patents 
registered designs or applications. 


BELLING ¢ LEE LTD 


| GREAT CAMBRIDGE ROAD. ENFIELD. MIDDX ENGLANT 


Telephone: Enfield 3322 - Telegrams: Radiobel, Enfield 


TERMINALS - PLUGS & SOCKETS - GLASS SEALS - CIRCUIT 
PROTECTION DEVICES - INTERFERENCE FILTERS - RECEIVING AERIALS 
15 ELECTRONIC ENGINEERING 
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connectors BRITISH PATENTS PENDING 


COMPACT, ROBUST AND MINIMUM WEIGHT 


te how with Floating Mounting Bushes! 


Available in: 9, 15, 25, 37 and 50 ways— 
with floating mounting 
bushes if specified. 

Current Rating: 5 Amps per Contact. 

Working Voltage: 750 V.—D.C. 

(Sea Level) 

Contact Resistance: <2-0 milliohms. 

Contacts: Phosphor Bronze; finish 
Gold Plate on Silver. 


Pins: Brass; finish Gold Plate on 
Silver. 


Polarization: Keystone Shell. 
Steel; finish Passivated Cad. 


CARR FASTENER COMPANY LIMITED Covers: Standard or 90° entry with 
Stapleford, Nottingham. Cable Clamps—Steel Cad. 
Tel: Sandiacre 3085/8. plated. 


London Office: , : , 
195-197 Gt Portland Street,London,w.1 Joint Service Quality Approved Gert. No. 1323 
Tel: Langham 3253/5 Manufactured under licence from Cannon Electric (G.B.) Ltd. 
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»»» STEADY OUTPUT 

The operation of the 4 
ULTRA STATIC READ-WRITE HEAD 

is independent of tape speed; 


ementt 


J 


it reads from slow-moving, 
even STATIONARY, tape. 
Applications: 

Computer output units; 
off-line editing equipment 
(tape speed compatible with 
printing-out speed ); 
telemetry systems; 

machine tool automation. 


In the bockground: PEGASUS. By courtesy of Ferranti Led. 


Please send for brochure 


LJ i By yan ULTRA ELECTRONICS LIMITED 


WESTERN AVENUE - LONDON - W.3 - Telephone: ACOrn 3434 


RADIO AND RADAR SYSTEMS - AIRCRAFT ENGINE CONTROLS & INTERCOMM + DATA PROCESSING EQUIPMENT 
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THAT 


SHUG 


YOU WANT IS 


WAITING FOR YOU 
IN THIS BOX... | 


No. 1200. Three dozen Assorted 
Light Expansion Springs, suit- 
able for carburettor control, 
etc. 13/6. 


"1, 
iin, 
NY, 
4444 
taeda tet 


Dy) 


No. 98A. Three dozen Assorted 
1” to 4” long, 4” to }?” diam., 
19G to 15G. 5/6. 


3 


TT EAA AAA! 


No. 753. Three dozen Assorted 

Light Expansion }” to 4” diam., 

2” to 6” long, 22 to 18 S.W.G. 
6. 





No. 760. Three dozen Assorted 
Light Compression Springs. 1” 
to 4” long, 22 to 18 S.W.G., 
2’ to }” diam. 6/6. 





No. 757. 
pression, 1 gross Assorted, 4 
to %&” diam., 4” to 24%” long, 
27 to 19 S.W.G. 15/-. 


Extra Light Com- 





Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking. 





Really interested in Springs? 
“Spring Design and Calcula- 
tions”’ 9th Edition tells all— 
post free 12/6. 








Cut Production Costs with 
Terry’s Wire CIRCLIPS. We 
can supply immediately from 


stock—from %” to }’. 








Pr 
Ms 

iM = 
: 27° Ss) 


No.758.FineExpansionSprings. 
1 gross Assorted 4” to }” diam., 
‘ to 2” long, 27 to 20 S.W.G. 


Looking for good Hose Clips? 
Send for a sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 
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No. 1217. One gross 
Assorted Springs. A complete 


Garage Service Kit. 42/- each. 


We know exactly how difficult 
it is to find springs for 
experimental work . . . we’ve 
been making quality springs for 
over 100 years. So, we confidently 
offer you our excellent range of 
small boxed assortments which 
covers a very wide range. 

We can only show a few boxes. 
Send us a p.c. for our full list. 
If ever you are stuck with a 
spring problem let our Research 
Department put their long 
experience at your disposal. 


HERBERT TERRY 
& SONS LTD 


Redditch, Worcs. 


(Makers of Quality Springs, Wireforms 
and Presswork for over 100 years) 
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THYRATRONS 
FOR PULSE 
MODULATION 


UP TO 1,000 AMPS AT 25kV 
BY 


AE! 


The:reisan AEI thyratron for every industrial application 
and pulse modulation requirement. Two recent additions to the 
range of pulse modulation types, with extremely high 

power ratings for single and double grid drives, are:— 


BT 103 

MAX. CATHODE CURRENT 1,000 amp 
MAX. ANODE VOLTAGE 25 kV 

BT 101 


MAX. CATHODE CURRENT 500 amp 
MAX. ANODE VOLTAGE 25 kV 


Please write for further details and technical data 


Associated Electrical industries Limited 


Electronic Apparatus Division 
VALVE & SEMICONDUCTOR SALES 
LINCOLN, ENGLAND AS53686 
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7 
3 re Conforming to Sections B & C of Specification EL1930, M.O.S. (Air) 


Siemens Ediswan PTFE insulated instrument wire, developed for certain highly 
specialised services, has a wide potential field of application in modern 
electronic engineering. The physical and electrical properties of PTFE make it the 
best material available wherever the emphasis is on performance 
and complete stability. In brief, PTFE has these advantages : 

Stable at all temperatures from —75°C to +250°C 

High dielectric strength 

Low dielectric constant 


Non-chafing and self-lubricating 


8 
* 
* 
w High resistance to corrosives and solvents 
. 
2 


Available in 11 colours 

ws Non-adhesive 
PTFE is extremely difficult to form, but we have considerable pioneering 
experience in its processing and fabrication. As a result we are able to produce 
PTFE insulation by extrusion with concentricity guaranteed to close limits. 
We are anxious to extend the uses of this wire and will gladly supply 
interested manufacturers with samples for them to test. If we can help you with 
information on the use of PTFE in any shape or form, please let us know. 


Send your enquiry to: 


Associated Electrical Industries Ltd 
Radio and Electronic Components Division 
PD 17, 155 Charing Cross Road, London, W.C.2 


Tel: GERrard S660. Telegrams: Sieswan Westcent London 
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For modern flowing design forms in radio and 


T.V. cabinets, Bextrene BC 15 offers all the best qualities. 


For Surface Finish 


BC 15 gives the high finish essential for the ‘prestige look’, ensuring success in 
this competitive market. 


For Impact Strength and Dimensional Stability 
Components in BC 15 stay new-looking. Cabinets give a high degree of protection 
to the delicate interiors—good insulating properties too. 


For Good Mouldability 


BC 15is an excellent materia] for injection moulding and sheet extrusion. Because 
of its toughness, mouldings can be ejected without fracture from relatively 
intricate dies. Bertrene BC 15 is available in a range of attractive colours. 


BX PLASTICS LTD (A subsidiary of The British Xylonite Co. Ltd.) LONDON, E.4. 
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Where great things are done 


with Microwaves 


RADAR: Fire Control - Navigation of Aircraft and Small Ships - Automatic Landing - Missile 
Guidance - Transponders «© COMMUNICATIONS: Multichannel Radio Links for telemetering 
Data and Speech ¢ VALVES: Klystrons and Magnetrons for 35/GCS and 75/GCS bands - Monitor 
Diodes for 1/GCS to 35/GCS ¢ INSTRUMENTS : Comprehensive Waveguide measuring circuits 
covering 6 to 75/GCS +» RESEARCH: Outstanding Research and Development of the latest techniques 


COMMUNICATIONS DIVISION - RADAR DIVISION - VALVE DIVISION 
2 | e) : mE MICROWAVE & ELECTRONIC INSTRUMENTS DIVISION - RADAR RESEARCH LABORATORY 


ELLIOTT BROTHERS (LONDON) LTD 


ELSTREE WAY, BOREHAMWOOD, HERTFORDSHIRE - ELSTREE 2040 
AIRPORT WORKS, ROCHESTER, KENT - CHATHAM 4/4400 


Ey A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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FOR INSTRUMENT TUBES 
check with 


It is more than likely that your instru- 
ment tube requirements can be met by 
the present comprehensive range now 
available from Electronic Tubes Limited. 
Economy with performance is character- 
istic of this range which is the outcome of 
years of specialisation in the design and 
production of instrument cathode ray 
tubes. 

Brief details of the range are given here — 
for full data please use the coupon at the 
foot of the page. 


ABRIDGED DATA—Typical operation 





3AFPI |3AZP!| 4EP! | 4LPi | SBKPI | SBUPI High 


ICPI : 
General | Double} General | Split Helical | General 
Monitor Writing | Writing 
Purpose | Gun* | Purpose | Beam P.D.A. | Purpose Speed Speed 





0.5 1.0 3 2.0 1.5 1.4 2.0 4.0 1.5 
0.5 1.0 1.5 2.0 1.5 1.8 2.0 4.0 4.0 
_ _— — 4.0 3.0 4.0 4.0 8.0 8.0 


an ie 10 _ sn da 


80 75 60 95 95 95 
23 27 
90 90 
X sensitivity . (V/cm) 36 
Screen diameter (mm) 
SCREEN TYPES: 


Medium persistence. . Yes Yes Yes Yes Yes Yes 


Long afterglow No Yes Yes Yes To order | To order | To order | To order 
Blue photographic... [To order | To order Yes To order | To order | To order | To order | To order 


Short persistence.... [| To order No To order No No To order | To order No 












































* Data is given for each gun. 
SERSRSERSEREEEE RE SREEERERERRERREREREREESR EEE 
Please send me data on the types ticked 


ETEL 


icpi{_] sBKPI 
Company 3aFPi( | sBuPi [ | 
Address 3azPi| | seve: [ | 
aepi | | seveia [ | 
acpi {| serps [ | 


Electronic Tubes Limited 
Kingsmead Works - High Wycombe - Bucks 
Telephone : High Wycombe 2020 


ETL 16 
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Helical Potentiometer. Type PX/4/H.10 
Turnings 3 and 10. 





Low Torque Sub- 
miniature. Type F. and G. 





Low Torque, high precision, servo mounting 
S.F., S.G., S.B., also Synchro 8. 


Toroidal Potentiometer. Type 
B and E with ball races. 
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Precision Potentiometers.. 











Designed to give trouble free operation 
under all conditions—Fox Pots are in 
service in all branches of industry. 


There is a Fox Pot for every application 
you can name—why not discuss details 
with our representative or write for our 
fully descriptive catalogue. 

For full details and specifications of 
the large range of toroidal and helical 
potentiometers, please write to: 


P.X. FOX LTD., 


Specialist Manufacturers of Potentiometers, 


Hawksworth Road, Horsforth, Yorks. 
Tel: Horsforth 2831/2. Grams: Toroidal LEEDS. 


London Office: 104, Chislehurst Road, Orpington, Kent. 


Tel: Orpington 21031. 


Ceramic Potentiometer, 


eight sizes 10 


1,000 watts. 
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pooner ance nena 


or pi 
templates 


sung nen amet TOPE 


RT adi 


Syueneanye tan nnn ugnumuuauonge cent iaitt 
Syn 


BRITISH 


TURRET PUNCH PRESS MODEL R44 


Designed for piercing through templates, this power-operated model gives 
faster-than-ever piercing on short or medium runs and complicated 
layouts. The template openings correspond with the finished work in size, 
position and shape. With carefully made templates accuracy can be 
readily achieved. A sensitive lever lowers the punch into the template 

and, when fully entered, the press automatically trips. The mechanism 

can be adjusted for work and template thickness. Up to 3” dia. can be 
pierced in -074” mild steel plate. Also available with Rack Gauge Table. 
Throat depth 28”. 20 station turrets. 


Maximum punch diameter 3”. Pressure capacity 30,000 Ib. 


Send for illustrated brochure EE/191 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Tel WESTERN 8077 (8 lines) Telex: 23182 Grams. ACCURATOOL LONDON TELEX 
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Brush or spray the Ohms and Mhos! 


Ohms and Mhos (and ‘puffs’ too!) have gone into suspension —in 
Foliac Colloidal Graphite Dispersions. You can spray them or brush 
them, inside or out, to provide high resistance paths, low resistance 
paths, capacitor effects, screening or ‘earth’. These are the facilities 
the Foliac Colloidal Graphite Dispersions, so simply applied, bring 
to the electronics industry. From C.R. tubes, thermionic valves, to 
simple resistor contacts. Name the use of a conductive coating and 
the answer is ‘Foliac’. If you have a problem involving a conductive 
film, remember Foliac research is at your service. Why not ask 

our representative to call? 





FOLIAC COLLOIDAL GRAPHITE DISPERSIONS 
GRAPHITE 
PRODUCTS ONE OF THE MORGAN CRUCIBLE GROUP OF COMPANIES 
LIMITED 
NORTHFIELDS - WANDSWORTH PARK +« LONDON - S.W.A18 TELEPHONE: VANdyke 6422 
GP. 102/332 
ELECTRONIC ENGINEERING 26 


OCTOBER 1960 











EE 2603! for further details 


We can get you out 


of a transmitting 


valve problem 


For over 40 years we have been at it. 
Solving problems about valves. 

Hard valves, soft valves, RX, TX. 
The lot, in fact! And so far as 

TX valves are concerned, here’s 

a tetrode that’s truly something 

to beam about! The TT21, is capable 
of outputs in excess of 150 watts 


at frequencies up to 30 Mc/s. 





valves are obtainable from 
THE M-O VALVE CoO. LTD 


BROOK GREEN - HAMMERSMITH - LONDON W.6 
A subsidiary of the General Electric Co. Ltd 
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High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 


We specialise in the manufacture of 


PORCELAIN 


for general insulation 


REFRACTORIES 


for high-temperature insulation 


FREQUELEX 


for high-frequency insulation 
PERMALEX 


& TEMPLEX 
for capacitors 





| 


Hi 


it 





BULLERS LIMITED 


MILTON - STOKE-ON-TRENT - STAFFS 
Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 
ironworks : TIPTON, STAFFS London Office : 6 LAURENCE POUNTNEY HILL, E.C.4 
Phone: Tipton 169! Phone: MANsion House 997! 


I 
AA 


Hl 





| 








| 




















ELECTRONIC ENGINEERING OCTOBER 1960 








The range of grade one microwave instruments produced 
by Decca Radar Limited is continually being improved and 
augmented. One of the latest additions is a WAVEGUIDE 
SWITCH of advanced design available in most of the 
popular waveguide sizes. It is suitable for either hand or 
mechanical operation. 

These efficient modern waveguide switches are of the 
four port, two channel rotating drum type. Their principal 
design features are listed on the right. 

The 1960 edition of the Decca Microwave and Special 
Components Catalogue covers microwave instruments, 
special test equipment, thin film metallised glass elements and 
gives details of the “ Deccaform” copper electroforming 


component service. 


DECCA RADAR 
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DECCA 


Microwave 
Instruments 


RELIABLE AND 
CONSISTENT 


@ High adjacent channel isolation from 80 
to 100 dB. 


@ High power handling capacity unpress- 
urised. 

@ Good match over the whole waveguide 
frequency band. 


@ No rubbing contact surfaces. 
@ Rugged construction. 


@ Designed for both normal atmospheric 
and high pressure operation. 


@ Suitable for hand or mechanical control. 


These switches can be manufactured with other 
switch combinations, for which the company 
would be pleased to receive enquiries. 


Microwave Sales Division 
DECCA RADAR LIMITED 
DECCA HOUSE - ALBERT EMBANKMENT 


LONDON :- S.E.11 - Telephone: RELiance 8111 
ap OR 12” 
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Waveguide admittance 


determined 


in 20 seconds 


with the 


Automatic Admittance Plotter 


> For laboratory or production testing 
> Available for 6%, 8% or 12% of X-band 
>» Accurate, easily-read display on a ‘Smith’ chart 


> Easy to operate 


Associated Electrical Industries supply a range of first-class test 
equipment for X-band and S-band, for rectangular waveguides 
and concentric lines. 


For further information and technical data please write 
for publication G11028. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


ELECTRONIC APPARATUS DIVISION BLACKBIRD ROAD, LEICESTER, ENGLAND 





AS38i 
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For Versatility and Precision 





Plessey 





UNIVERSAL BRIDGE TF 868B 


(photographed in the new Plessey labora- 
tories at West Leigh) 


Measures inductance and capacitance at I or 

10 kc’s, resistance at d.c. Direct reading: 

1uH to 100 henrys ; tuuF to 100uF ; 0.1 ohm 

raphe Ma. ny aoa seprtpenta ealaesty kc/s; Plessey, a company with a world-wide reputation for 

pS Yee ag pee sp tdic ay —— reliability, naturally make extensive use of Marconi 
— , test equipment—experience has proved its advanced 

design and consistent accuracy. The Universal Bridge 

TF 868B typifies the outstanding quality of Marconi 

instrumentation ; this complete, direct-reading, meas- 

urement system enjoys important new advantages, 


including faster, easier, initial balancing, high-discrim- 
ination resistance measurement, and precision phase- 
balancing facilities. If you would like complete technical 


details of the TF 868B, or any other of our more than 
é a 4 T R U bh ee Pg f 5 a hundred precision electronic measuring instruments, 
please get in touch with your nearest Marconi 


Instruments office. 


THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS * AUDIO & VIDEO OSCILLATORS * FREQUENCY METERS * VOLTMETERS * POWER METERS * DISTORTION METERS 
TRANSMISSION MONITORS * DEVIATION METERS * OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS *Q METERS & BRIDGES 





London and the South : Midlands ‘ North ; 
Marconi House, Strand, London, W.C.2. | Marconi House, 24 The Parade, Leamington Spa. 23/25 Station Square, Harrogate. 
Telephone: COVent Garden 1234. i Telephone: 1408. Telephone: 67455. 
Export Department ; Marconi Instruments Led., St. Albans, Herts. Telephone: St. Albans 56161. 


REPRESENTATION IN 68 COUNTRIES 
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Ne nr ime ce cai 
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Specialised knowledge and wide resources of 


the Brayhead Group have contributed to many important 





advances in the past and are available for 


future developments of the Electronic TA 


4 


and Engineering industries. a 
“ 


— 
mn 


— ee ee ee ee ee 


< os SN The of companies manufacture 
springs, light and medium pressings of all types, wireforms, 
clips, extruded cans, television turret tuners, valveholders 
to suit all requirements, including printed circuit applications, 
and F.M. Units. Other activities include the 
development and mass-production of High 
and Intermediate Frequency Transformers 
and Coils for Transistor Circuits employed 
in the Radio and Television Industry 
and Industrial Electronics. 


4 


sill 
sh. 











~ 


ASCOT - BERKS 
a. Re ee wee. 
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Monitor 1000 
“readings” every 
50 seconds with 








Data 





An accuracy of +0.2% and a high 
scanning speed make Blackburn Elec- 
tronics data logging equipment ideal 
for monitoring plant performance. 





Modular construction of the basic 





units enables instrument engineers to 
install exactly the right size of this in- 
expensive and compact equipment 
necessary for data monitoring and re- 
cording on their plant. Extension of 
the logger by multiples of 10 channels 
is possible as required. 


Input signals derived from thermo- 
couples and other transducers can be 
scanned at a rate up to 20 points a 
second. Departure of any parameter 
from predetermined limits is indicated 
by visual and audible alarms and a 
parameter record. Alarm conditions 
may also open relay contacts for pro- 
cess control applications. The output 
data may be obtained on a strip or 
page printer or paper tape punch and 
will comprise parameter identification, 
value and time, etc. 


A complete log of all parameters may 
be obtained on demand and at regular 
intervals, 





es 





BLACKBURN ELECTRONICS LIMITED 
Brough, Yorkshire Telephone: Brough 121 
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mobile 
Radiotelephone 
Station SL55 


The SL55 is a general purpose, four-channel, single 
sideband radio telephone equipment. Exceptional fre- 
quency accuracy and stability eliminate the need 
for a speech clarifier, simplifying operation for non- 
technical personnel. 


In addition to SSB facilities, the SL55 is also suitable 
for double sideband and telegraph working. Separate 
transmit and receive crystal oscillators are used, mak- 
ing possible single or two frequency simplex operation; 
and an alternative version is available for duplex. 


The transmitter/receiver and power supply unit are 
housed ina single cabinet; interchangeable power supply 
units are available for operation from either batteries 
or a.c. mains. A loudspeaker is built in and a compart- 
ment is provided for the telephone handset with facili- 
ties for plugging in headphones and morse keys. 


The SL55 may conveniently be fitted into all types of 
vehicles for overland service, or installed in marine craft 
for harbour and off-shore working. As a fixed station it 
is ideal for headquarters, base camps and point to point 
h.f. radio links, and for the establishment of emergency 
communications. 


$L55 Low power $.$.B. Transmitter-Receiver 


SPECIFICATION RECEIVER 


Frequency Range Signal /Noise Ratio 
2Mc/s to 16Mc/s. 8.S.B. better than 3vV for 20dB 
D.S.B. better than 10¢V for 20dB. 


Selectivity 


Number of Channels 


4, can be set to any frequency in the range. 
, S.8S.B. less than 6dB at 2.8kc/s off centre 
Type of Operation frequency. 


8.S.8., upper sideband or lower sideband greater than 50dB at 6kc/s off centre 
above 2.5Mc’s frequency. 
D.S.B., carrier plus both sidebands D.S.B. less than 6dB at 3kc/s off centre 
C.W., b-f.o. in receiver. frequency. 
Frequency Stability Audio Output 

2 ppm. 15W into built-in loudspeaker with a.c. 
Crystal Oven Warm up Time supply, 0.6W d.c.; 10mW into handset or 


5 minutes from room temperature. headphones with d.c. supply. 


Ambient Temperature Range TRANSMITTER 


For easy maintenance, the —20°C to +50°C. 
front panel hinges forward to 7 Power Output 
give complete access to all Power Supplies High Power 50W p.e.p.—s.s.b. or 
parts of the equipment. 110V ./220V. a.c. 45 to 60 c.p.s. or 12 and 24V. 20W Carrier—d 8 b. 5 Soh 
d.c. Low Power 5-10W p.e.p. or 2-4W Carrier. 
Dimensions Carrier Suppression 
Height, 25 in. (63.5 cm). Width, 15 in. (38 cm). Better than 30dB 
Depth, 10} in. (27 cm). 


Including mounting frame. Unwanted Sideband Suppression 


Better than 50dB. 

Noise Level 

Better than 40dB. 

A.M.C. 

Less than 6dB change in output for a change 


MULLARD EQUIPMENT LIMITED, MEARE NERO of 25dB in input. 
Mullard House, MULLARD EQUIPMENT LIMITED Spurious Outputs 
Torrington Place, Better than —40dB with respect to peak 
London, W.C.1. OS ERE: 
34 
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TEMPERATURE RANGE 
OF ELECTRICAL TAPES 


Afew of many applications: 


Polyester with Coil finishing prior to 
Thermo Setting impregnation. General in- 
Adhesive HIG sulating. Holding coils 

Thermostat insulation 
Polyester with TEMPERATURE Coils subject to cyclic tem 
Silicone WORK perature changes. Any high 
Adhesive temperature insulation 
work, i.e. in the Radio and 
TV Computer field, 


























. Medium Temperature 
Nos. 4 and 5 work where high degree 
Polythene of conformability to sur 
Electrical face is required. As no | A few of many appli 

plasticisers are present cat Fi ng 0 
in this film, brittleness ls. Bus bar ir | 
due to plasticiser migra tion. Cable spl 
tion cannot occur Field 1 bund 


Cable bund 


. Plasticised. Non-high ; 
008” PVC ymperature work Good | General insulatio 
surface conformability 




















ELECTRICAL TAPING 











A few of many applications: All 
General Purpose Insula inexpensive general purpose 


in 
No.12Viny1 socioc tor where high degree of sulation. Over-wrapping of field 
electrical resistance not Oils. Finishing of coils. Holding 


required down impregnated paper through 
out fie d Is 


All tapes in the electrical range are highly resistant 
to acids, alkalis, water and corrosive chemicals. In 
many cases their flexibility is extremely good at low 
temperatures and they will retain their insulation 
resistance in severe climatic conditions. 
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TAKES 


simply-accurately-— 
economically with 
MULLARD EQUIPMENT LIMITED 


electronic sub-assemblies 


Many electronic equipments now employ digital techniques and the basic 
functions are repeated many times throughout the system. The range of 
electronic sub-assemblies offered by Mullard Equipment Limited has been 
designed to enable the electronic engineer to select the functions required— 
plan his particular equipment and then proceed to prototype and/or finished 
system without having to design, develop or prove the basic repetitive 


circuits. 


Backing this range of sub-assemblies is a comprehensive advisory service 
which is organised to provide engineers with full information regarding 
characteristics and applications. This service is based upon extensive exper- 
ience in the fields of sub-assembly design and applications. Whenever 
required, Mullard Equipment Limited will be happy to co-operate in the 
design and/or manufacture of complete systems and assemblies. 
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THE RANGE OF 
ELECTRONIC 
SUB-ASSEMBLIES 


Combi-Element Circuit Blocks 
These include flip-flops, gate circuits, multi- 
vibrators, pulse-shapers, amplifiers, etc., and, 
whilst they are particularly suited for control 
systems, they can also perform a variety of func- 
tions in measuring instruments, computing 
devices and telecommunications equipment. 


Norbit building bricks 
The series of sub-assemblies provides for complex 
d.c. switching in industrial control systems. 


High speed EIT counters 

High speed counting for instrumentation systems 
is made simple by these decade units and their 
ancillaries. 

Pre-set counters 

Wherever a control system is required to give 
output functions at particular counts, these plug 
in units give reliable service combined with 
facilities for easy re-programming. 

Low voltage power supply 
building bricks 

These transistorized power supply sub-assemblies 
give the designer maximum flexibility for provid- 
ing stabilized or unstabilized voltages of the 
required accuracy. 


SUB-ASSEMBLIES - ASSEMBLIES - SYSTEMS 
-a complete service 


Mullard Equipment Limited provides a complete service in the supply of 
standard sub-assemblies, and in the design and manufacture of special sub- 
assemblies, assemblies and complete systems. 

A regular ‘Sub-Assemblies Bulletin’ is now being published. Write to 
Mullard House so that your name may be included on the mailing list. 


Mullard House - Torrington Place - London WCr1 - Telephone Langham 6633 


meer 
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REGO 


SYNTHETIC RESIN BONDED PAPER 
& BONDED COTTON FABRIC TUBES 


There are Delanco Tube products for a wide range of 
applications in the electrical and mechanical fields. 
Tubes are produced in synthetic resin paper and 
cotton base, in square, rectangular, round, and 
angular section. They can be supplied in standard 
lengths, and machined, threaded, punched and pierced. 


1. Dual purpose tube for fuse housings. Outer wall of synthetic 
resin bonded paper, with inner wall of Vulcanized fibre. 
Combining the highest qualities of electrical insulation, and 
arc resistance. 


2. Round section of Bakelite tube. Produced in bonded paper 
for electrical insulation, and in bonded cotton fabric for 
electrical resistance plus a high degree of tensile strength. Both 
can be machined and threaded. 


3. Synthetic resin bonded paper tubes made up as formers for 
radio, radar, telephone, and electronic instrument work. Made 
in commercial grades or to type-approved specifications. Close 
tolerance slotting and piercing. 


4. Angle section. Can be supplied in paper or cotton base 
either in standard lengths or parted off to size and drilled, 
punched, etc. to drawing. 

5. A typical illustration showing the threading and turning 
possible on all grades of Delanco bakelite tube including coarse, 
medium and fine weaves in the fabric range and commercial and 
high grade quality in the paper base grades. In all grades of tube 
a standard and super gloss finish is available. 

6. Rectangular section, paper base or cotton fabric. Used 


extensively for electrical and mechanical applications, particu- 
larly in the manufacture of bobbins. and in bus-bar housings. 


ANGLO-AMERICAN VULCANIZED FIBRE CO LTD 


CAYTON WORKS, BATH STREET, LONDON, E.C.1 CLE 8484 
For all electrical insulating materials 


<<, 
REGD 
ELECTRICAL INSULATION 
Get in touch with the Bakelite Tube 
Department for technical advice and 
assistance. 
3 
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No VOLTAGE VOLTAGE 
1-0A 


1 to 24V 


2 to 48V 

1 to 24V 

1 to 24V (SOV. Steps) 

2 to 48V (SOV. Steps) 
| 

1 to 24V (SOV. Steps) 

2 to 48V (SOV. Steps) 


1 to 24V. | (SGV. Steps) 


2 to 48V (SOV. Steps) 





Approx. D.C 


Catalogue D.C. Current Inductance Sele. Clean 


Number 


P.2955 
| 
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quietly doing a job 


The photograph above shows a gramophone turntable bank in the 
Sound Control Room at the B.B.C. Television Studios, Lime Grove. 

The arm and pick-up of the GLU9 groove locating units are 
mounted on pairs of SILENTBLOC Square Flange Instrument Type 
Anti-vibration Mountings, whose purpose is to make quite sure that 
no ground vibration interferes with the sensitive instruments and spoils 
absolute perfection of reproduction. 

The B.B.C. are one of the many “perfectionist” customers who 
choose SILENTBLOC Instrument Mountings to do an exacting job. 


SILENT BLOC S2preereeres 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 
Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 


Andre Rubber Co. Lid., is another Silentbloc company. Silentbloc products are also manufactured by Silentbloc (Australia) Pty. Lid. Melbourne. 
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Made throughout in polished stainless 
steel 
Single action door openings. 
Rectangular with self spacings to suit. 
Double ended controls. 


Electrical interlocking of air inlet and 
isolation valve. 


Outer cover hermetically sealed. 


DOUBLE ENDED 
STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 


See ee 
Ca Temperature Range 0°-300°C. or 
a FN ; rf) equivalent F. 


ake ‘ Temperature Control: 


Normal +74°C, 
Special + 1°C. 


Internal Spacing 7” x 8” x 18”. 

(can be altered to special requirements). 

Vacuum Range. 

To 10-* m.m. 

Respective Vacuum Gauges incorporated. 

Automatic air inlet valve on Backing Pump. 
Phetographs show how o 


complete sequence of pro- 
Sealevaieio aneniet Visual Indicators and fuses on all switches. 


sphere TS cnsees of one Flanged for fitting into Dry Box. 


ens. 


We design and manufacture Ovens to Customers’ special 
requirements. Should you have any problems in this field, our 
Technical Department is always willing to help you solve them. 
Vacuum Ovens with temperatures of up to 600°C are also manu- 
factured by us on similar lines but with Sectional Heating and 
Water-Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to major 
companies in Great Britain and Overseas. 


rower, 
VACWELL ENGINEERING CO., LTD. Uy 


WILLOW LANE - MITCHAM - SURREY Tel: MiTcham 821! (3 lines) % 
G, 


av 
co. 
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HOW dO 
you 


judge on 


a the most critical 

standards to Sifam Instruments . 

and they remain the choice of f} S i [ lJ i] p f) i ? 
the discriminating engineer. ' 
Superb design, faultless per- 

formance to specified standards 

and attractive appearance are 

behind the ever-increasing de- 

mand for SIFAM, one of Britain’s 

most comprehensive ranges of 


electrical measuring instruments. 
MILLIAMPERES 


(SiFam) 


Illustrated above are left to right: 
Types EVIO0, 202, 43, 43N, and 
21. 


Ask to see a technical Representative or 
write for the full catalogue of Sifam 
Instruments. 


The best by your standards . . . and ours if enry. 
humerlalion 


S'IFAM ELECTRICAL INSTRUMENT CO. LTD. 
Woodland Road, Torquay, Devon. 
Telephone: Torquay 63822/3/4 Telegrams & Cables: Sifam Torquay. 
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A new and 








more sensitive 


Austinlite 








relay 
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FEATURES 


High accuracy—to within + 0.5%. 








High torque—hence positive contact pressure. 
Ease of adjustment with fine and coarse settings A PP LI o AT l 8 N 5 

and self-locking adjustable contacts. *% Current regulator control. 
Choice of either two or four adjustable contacts. Voltage regulator control. 
ee case design—projection or flush Monitoring duties. 
Dustproof and suitable for use in the tropics. Limiting duties. 
Conforms to Post Office Specification P.T. 1025B. Equipment protection. 


Suitable for current or voltage sensing on 
either D.C. or A.C. 


o7tustinlite ELECTRICAL EQUIPM ENT (Makers of Sumo Pumps and 


Stone-Chance Lighthouses). 


Custom-built by STONE-CHANCE LTD. CRAWLEY, SUSSEX. 
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WHENEVER IT’S\A MATTER 


oF § PAGE... 


Whenever it’s a matter of space this new wire-wound 
potentiometer, of only 0.5 in diameter and weighing 
only 7 grammes, will eliminate your difficulty. 


FIVE STAR FEATURES 
% ONLY 0.5 in diameter, 0.5 wattage rating 
and ONLY 7 grammes in weight. 


%* A wide resistance range of 
10 ohms — 10,000 ohms. 


% Resistance accuracy of + 5°. as standard. 

%* High end stop torque. 

%* Facilities for increasing operating torque. 
Se ennen Available in two versions, one for standard wiring 
circuitry, the other for printed circuit application 
with locating centres 0.2 in apart, both versions are 
ideal for transistorized equipment etc. 


details are given in Data Sheet No. 10 


available on request. 


RELIANCE MANUFACTURING COMPANY (SOUTHWARK) LIMITED 
SUTHERLAND ROAD « HIGHAM HILL * WALTHAMSTOW * LONDON ° E.17 * Telephone No. (and for Cables) LARkswood 1118/9 
GD62 
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OUR 

TRAVELLING WAVE TUBES 
UNLIKE THE ANGEL FISH, 

ARE NOT AS BROAD 

AS THEY'RE LONG 

BUT 

THEY DO HAVE . 
EXTREMELY WIDE ‘Nv X 
BAND . 
WIDTH! 


We have a wide selection of Low Noise 
Tubes, Intermediate (medium power) 
Tubes and Power Tubes, covering 
many frequency bands. For further 
details and information concerning 


any of our range of thermionic tubes 


for industry, write to the Company. 


"ENGLISH ELECTRIC’ 


AGENTS THROUGHOUT THE WORLD 





_— ’ 
ENGLISH ELECTRIC VALVE C0. LTD. ED Cdcuae than dis 





AP 142 
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No woman 
would act 
this way 
about a Relay 
unless... 


and she’s 
an electrical 
engineer 


Well .. . we can’t vouch for the 
woman. But we can for the Relay. 
It’s one of the wide range 
commanding attention by 
offering decided advantages in 
every aspect of industrial 
control involving electrical and 
electronic equipment. 

To be specific, it is the— 


TMC ZETTLER (DIVIDE-BY-TWO) RELAY its essential feature. The armature is hinged on cap- 

tive ball bearings for maximum reliability. Twinned, 

TYPE AZ170 gold-flashed contacts have up to two change-overs 

. . & unique latching relay for the operation and and operating coils up to 110 volts p.c. It is parti- 
release of contacts on successive pulses of the same cularly useful for remote control switching. 

polarity. A cam wheel is stepped at each operation The wide range of TMC ZETTLER RELAYS is 

of the armature by means of a ratchet and pawl capable of handling power from microwatts to kilo- 

mechanism. The contour of the cam is such that a watts. Extreme compactness is achieved in most 

simple springset is operated and released on success- cases. Where space is limited, their choice is destined 

ive operations. This makes it a ‘‘divide-by-two’”’ relay — to become a matter of course. 





TMC ZETTLER RELAYS EXTEND THE ALREADY WIDE TMC RANGE AND MAKE TMC BEST EQUIPPED TO MEET YOUR RELAY REQUIREMENTS 


Write now for further information. 
Relay Division B 


TMC Telephone Manufacturing Company Limited 


Hollingsworth Works, London, SE21. Telephone: GiPsy Hil! 2211 
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Please ask for 


Publication No £0.327 


describing this completely new 


INSULATION AND CONTINUITY TESTER 


This is not just an improved version of the well 
known “‘Megger” Insulation Tester, but a completely 
new development, full details of which we 
shall be glad to supply 
olul wy lohe the tel +; 
Available for Insulation and Continuity Testing 
Guaranteed accuracy and dependability 
No battery to run down or deteriorate 
ir EB The New 
No pointer fluctuation—automatic voltage regulation TWO IN ONE 
True ohmmeter movement —no pre-test adjustments 


necessary 
Meets standard tests in all countries MEGGER 


Unaffected by climatic conditions 


INSULATION & CONTINUITY 
TESTER 


EVERSHED & VIGNOLES LIMITED 


ACTON LANE WORKS CHISWICK ‘ek, Belen. mms | 


7/161 
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MARCONI 
microwave 
communication 
systems 


id 


WORLD LEADERS IN 
ALL TRAVELLING WAVE TUBE 
MICROWAVE SYSTEMS 
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HIGH PERFORMANCE 


Marconi microwave systems, with capacities from 60 to 960 channels and capable of carrying high 
quality television, are designed to meet exacting international standards of performance with 
margins in hand. 


EXTREME SIMPLICITY 


Travelling wave tube techniques ensure extremely simple circuitry and make full use of high 
gain and great band width available. A unidirectional repeater consists of only three travelling 
wave tube amplifiers and one frequency change oscillator with their power supplies. 


GREAT RELIABILITY 


The use of travelling wave tubes in the repeaters has allowed considerable reduction in the 
number of valves and components used. Thus the likelihood of unexpected failure has been 
considerably reduced. 


EASY MAINTENANCE 


The design of the units ensures easy access to all parts of the equipment and the extensive 
use of printed circuitry allows speedy and accurate replacement of precision circuits by 
technician staff, without realignment of the equipment. 


EXTREME SAFETY 
All high voltages are fully interlocked. 








AT 
INSTALLED 








The Post and Telegraph Authorities in 
more than 80 countries rely on High Capacity 


Mobile Microwave 
Systems 


MARCONI 


COMMUNICATIONS SYSTEMS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX - ENGLAND 
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3 4 CIRCUIT VARIATIONS WITH 


THE NEW THORN 5-TERMINAL 
ILLUMINATED PRESS SWITCH 





35 ALTERNATIVE CAPS 





Transparent Indicator Cap in Polystyrene 
wr Glass with surface facets to ensure 
visibility from all angles. Colours available 
Red, Green, Amber, Clear, Blue, Yellow. 


This extremely compact Illuminated Press Switch employs the 
now famous Atlas Midget Panel Lamp and by the incorporation 
of the 5-terminal arrangement, is capable of 34 circuit variations. 
As shown, three different caps can be employed for indicating or 
dimming purposes and each is available in a wide range of colours. 
The units are vibration proof, maintaining predetermined contact 
Dimmer Cap in metal and glass with metal Pressures and can be supplied for 6, 12 and 28 Volt circuits. 


rotary shutter. Built-in stops restrict | Screw terminal or solder tag versions are available to order. 
rotation between fully shuttered and open 


positions. Colours available, Red, Green, 
Amber, Clear, Blue. with dimmer cap: 34,” x 14,” x ?” approx. 
with indicator cap or 

flat top indicator cap: 23” x 1x” x }” approx. 





Overall dimensions: 





THORN 3-TERMINAL PRESS-TO-TEST FITTINGS 

and Midget Indicator Lampholders are employed in Britain’s leading 
civil and military aircraft and are widely used throughout the 

0 a Recor page nt eggs electronics and automation industries. The 5-TERMINAL 


Translucent Red, Amber, Green, Whiteand _ {LLUMINATED PRESS SWITCH is a worthy addition to this range. 
Transparent Blue. 





THORN ELECTRICAL INDUSTRIES LTD 
SPECIAL PRODUCTS DIVISION (INCORPORATING COMPONENTS AND CONNECTORS), 
GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX TEL: ENFIELD 5353 
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can If you live to a hundred, you are unlikely to want to do much 
be screw-fixing of eggshells! Yet this feat—possible only 
with a Rawlplug Fixing Device (a Rawlnut)— 


Screw-fixed with a RAWLPLUG does serve to highlight the astonishing 
effectiveness of these Devices in making 

| ‘difficult’ and even ‘impossible’ fixings simple and 

FIX } N G DEVIC F a straightforward. Whatever the screw or bolt 

fixing job, you’ll save time, money and temper by 
using the appropriate Rawlplug Fixing Device, 












RAWLPLUGS 


The famous Rawlplug makes 
firm screw fixings in masonry 
in a mere fraction of thé time 

taken by any other method. 
For all screw sizes up to 3?” 
diam. coach screws. 








RAWLBOLTS 

For light or heavy 
bolting jobs. A dry 
fixing of enormous 
strength—no cold 
chiselling, no waiting 
for cement to harden. 
In all bolt diameters 
up to 1’, 








RAWLNUTS 


The amazing Rawlnut forms its own 
‘rivet head’ behind the material when 
screwed up from the front. Shakeproof 
and waterproof, it has many valuable 
uses in both building and manufacture 




















SPRING TOGGLES 


For making firm fixings to such 
thin and structurally weak 
materials as plasterboard, 
ceilings, etc. The wings of the 
device spring apart behind the 
material and spread the load 
over a wide area. 


GRAVITY TOGGLES 


Passed through a hole in 
hollow material, the long 
member falls into a vertical 
position by gravity, and is 
then drawn against the back 
of the material by screwing 
from the front. 




















FIXING DEVICES for Speed and Strength! 


The World’s largest manufacturers of fixing devices 
THE RAWLPLUG COMPANY LTD., CROMWELL RD., LONDON S$ W 7 


IMPOSSIBLE FIXINGS 


ARE EASY WITH 





B6E9 
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luminescents 


CATHODIX ~~ 








in any desired colour 


CATHODIX C 200 
C 300 


PRO 
rzy 
8 


with the best | brilliance 
adhesion 


granulometry 





UPSIL Ltd 
A Pechiney - Uclaf Company Marshgate Lane - Stratford - London E. 15 
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. ACCENT ON ACCURACY 
... AND SPEED 


Developed for data processing applications at up to 110 characters per second in 5, 6, 7 or 8 
level binary permutation codes, the new TELETYPE BRPE 110 High Speed Punch offers 


vastly improved facilities at a cost comparable to that of earlier 60 character-per-second punches, 





Code Levels 

The BRPE 110 sets are available for perforating 
5-level code in }-inch tape; or, 8-level code in l-inch 
tape. The latter may be readily re-adjusted for 
perforating 7-level or 6-level codes in f-inch tape. 
Magnetic Synchronising Mechanism 

A new magnetic synchroniser triggers the external 
signal storage, and has a simplified range adjustor 
to insure signal transfer at optimum point of 


operating cycle. 


Full technical data freely available 





Code Magnets 

Code magnets, which control the code perforating 
punch-pin mechanisms and the feed-tape mech- 
anism, are adjusted individually. 

“Low Tape” Warning Mechanism 

The tape reel on the BRPE 110 is equipped with a 
“low tape” warning mechanism which can be 
connected to external alarms. 

Manual Tape-Feed-Out 

Continuous blank tape may be fed out by manually 


depressing a feed-out lever. 


TELETYPE BRPE 110 /Ajigh speed tape punch 


eo 


COLES GREEN ROAD LONDON NW2 


We strex Compan y Limited 


CH 


TELEPHONE GLADSTONE 5401/8 


*The Westrex Company Limited is a Division of Litton Industries 
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The Facts of Graphis 
| 


96% of our clients 


are very happy about the work Graphis Publicity is doing for 

them (the other 4°, doesn’t care, but his wife just loves Graphis 

advertisements). Graphis is a young and go-ahead advertising (ra his 
agency specialising in technical work. Graphis looks after pub- p. 

licity in all its forms—press advertising, public and press oa 
relations, merchandising, printing, exhibitions—and makes the Publicity 
most of every appropriation. Graphis knows what technical 

clients are talking about, and what technical buyers want to Ltd 
know. Creatively imaginative, factually very sound. 





Asamatter of fact, a first-rate technical advertising agency. 
Registered Practitioners in Advertising 
Swan Yard, London N1_ Telephone: CANonbury 7074 
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Hellermann 


Terminals for 
British Railways 
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Hellermann compression terminals were 
chosen by Metropolitan-Cammell Carriage 
and Wagon Co. Ltd. for the new BR 
diesel-mechanical railcars. 

Hellermann terminals are available in a 
complete range for cables from 7/.0076" 
to 61/.093” (.00031 sq. ins-.4 sq. ins). A 
complete range of hand and power- 
assisted compression tools is available 
suitable for all applications. 


Hellermann Limited Crawley Sussex Crawley 2000 
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M IS5SOI 
E.R.I.C Universal Meter 











THE INSTRUMENT iS a versatile d.c. imeter 
—_ = ersatile d.c. multimet ABRIDGED SPECIFICATION 


Voltage ranges 1, 5, 20. 100, 500, 2000 Volts 

with a very high input impedance on voltage Current ranges 1, 5, 20, 100, 500, 2000 Micro-amps 

Facility provided for doubling the meter deflection on all these 
ranges. 

Resistance ranges 1K, 10K, 100K, 1M, 10M, 100M 

(at mid-scale deflection ) 

ranges. ‘The instrument also incorporates resist- Grid current of 

input valve 10°'4 Amps 

ance ranges and has provision for the attachment of A ‘memory’ device for storing voltage readings is incorporated. 

Input impedance 10 '° Ohms 

P ; . : ; (using ‘memory’ input) 

additional units, enabling the functions and ranges Residual voltage drop 

on current ranges 5 Millivolts 


of the instrument to be considerably extended. Accuracy + 2% of F.S.D. 


ranges and a very low input impedance on current 











RN 


Druunents 


SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY TELEPHONE CAMBERLEY 3401 
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- ‘Dilcoset 


* 


EDSilicones 7 
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RECTIFIER 
BRIDGES 





RATINGS (UP TO 2400 C/s ) CURRENT DERATING CURVE 











ABSOLUTE 
P.1.¥. 
RATING 





1.D.C.MAX 





100 35 0:5 











200 70 0-5 





400 140 0-5 








DIRECT CURRENT AMPS. 


800 280 0-5 





























* FOR DIRECT MAINS OPERATION 
DERATE BY A FACTOR OF 2. AMBIENT TEMPERATURE °C. 














@ For prices, applications and further details apply 


G.&E.Bradley Ltd 


SEMI-CONDUCTOR DIVISION - Telephone Gladstone 0012 
ELECTRAL HOUSE, NEASDEN LANE, LONDON, N.W.10. 
A Subsidiary Company of joseph Lucas (industries) Ltd 


Joseph Lucas Ltd 
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400 CYGLE 3 PHASE ALTERNATORS 
and MOTOR ALTERNATORS 
0.5 xw TO 150 kw 
BY W. MACKIE & Go. Ltd. 


PRODUCTS SECOND TO NONE FOR 
RELIABILITY, PERFORMANCE, 
VALUE AND SERVICE 


Special attention to:- 
Wave form at all loads 
Harmonics at all loads 
Modulation 
Voltage regulation 
Frequency regulation 
Time of response 
Effects of particular loads 


Inform MACKIE of your requirements. They are 
well equipped to meet your needs and give the 
service for which they enjoy a high reputation 


MANUFACTURERS OF ROTATING ELECTRICAL MACHINES AND 
ASSOCIATED AUTOMATIC VOLTAGE AND FREQUENCY REGULATORS 
FOR ELECTRONIC APPLICATIONS 


For Radar: More than half the World’s Shipping carries Mackie power supplies 


W. MACKIE & GO. LTD. 


Established /882 
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For Electronics, Radio 


& Telecommunication 


ee 
SE coiccee co 30°. Nickel content. 
CUPRO-NICKEL All qualities from 5°, Nickel 


content to 45°., Nickel content. 








SHEET Maximum width 24”. Minimum thickness 0°006 


STRIP Maximum width 18". Minimum width 4”. 
inimum thickness 0°005". 


WIRE Maximum diameter 3”. Minimum diameter 0°0025 


Specialities 
High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 


special resistance properties in the form of Sheet, Strip and Wire 


Established 1845 


JONES & ROOKE (1948)LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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3 into 1 
will go = 


and produce 


a low-priced 


This portable Digital Recorder comprises the well-proved 
B E 50-channel Scanning Switch, Digital Voltmeter and the 
H P Strip Printer. 

The unit may be operated at a scanning rate of 1 or 3 channels 
per second in any one of 3 modes: continuous scanning of all 
selected channels: single scan of all selected channels: conti- 
nuous sampling of | selected channel. Channels may be selected 
for scanning in groups of 10. The Voltmeter incorporates 3 
automatically selected ranges from 0 to + 999°9 volts with an 
accuracy of 0°05°% of full scale on any range. 

Print-out comprises channel identification, voltage magnitude, 
polarity and decimal point. 


For further information please write to: 


BLACKBURN ELECTRONICS LIMITED 
BROUGH YORKSHIRE TELEPHONE BROUGH 121 
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PNP and NPN 1Meis p.rf. 


OC41 and OC42 PNP Transistors Asymmetry of junction construction 


ene 
Mullard 


SF 














The asymmetry of the two junctions of these transistors contributes 
largely to their short turn-off time characteristics. 


The peak current rating is high, and frequency performance is defined in 
terms of the large signal parameter hh. This is a measure of the charge 
to be injected into the base to produce a required collector current when 
the time is so short as to allow negligible loss of charge by recombina- 
tion. The use of the parameter hi gives more scope to the designer in 
the prediction of circuit rise times under various operating conditions. 


The external metal case of these transistors allows them to be clamped 
securely in position and a heat sink to be used for higher dissipation 
ratings. 


These transistors are suitable for applications other than computers 
and the OC41 in particular offers an economic solution to many problems 
in general industrial equipment design. 


0C139 and OC140 NPN Transistors 
Symmetrical transistors for high currents 


These two transistors have very high peak current ratings. Their rise 
time performance is defined in terms of time constants for output peak 
currents of 200 mA with both normal and inverted connections. 


The high emitter-base voltage rating and control of characteristics in 
the inverted connection assists in their use as bilateral circuit elements. 


The symmetrical junction construction of the OC139 and OC140, together 
with their very low bottoming voltages and high current ratings, makes 
them particularly suitable as gating transistors. The OC139 can be used 
in a half current pulse circuit to gate a 50,000 core store with a half 
current of 225 mA. 





PNP TYPES NPN TYPES 





0Cc41 OC42 0C139 0C140 





Vee max. (pk or d.c.) (V) —15 —15 20 20 
ic (pk) max. (mA) 125 125 250 
le max (mA) 50 50 200 200 


Reverse emitter Veb max. 
(pk or d.c.) (V) —12 —12 20 20 


Ptot max. (at 45 C amb temp) (mW) 
T; max. (continuous) ( C) 
at low | 


Large signal gain 3 
at high | 


Cut-off frequency fa (Mc/s) 


Large signal cut-off frequency f 
ic (pk) ’ 
2nQv 
and Qp= charge into base 
ip (pk) x time of base 
pulse (Mc/s) 


where / 


Time constant for normal and 
inverted connections (ic(pk) 
200 MA, Vex 0.75 V) (us) 


Bottoming voltage Vce 
at50mA (mV) 








50 (free air) 
66 (heat sink) 
75 


40 av 
(lc=10mMA) 
10min. 25 av 
(le =125mA) 


3.0 min 4.0 av 
(ic (pk) 
base cur 

of 0.1 4 


—2 
(Ib 3.0mMA) 


50 (free air) | 
66 (heat sink)! 
75 
80 av 
(lc=10mA) 
20min. 50 av 
(lc=125mA) 


5.5 min. 7.0 av 
10mA) 

rent pulse 
nicrosec 


00 max. 
(Ib 1.5mA) 








60 
75 
20 to 80 
(le =15mA) 
14 min 
(lc-=200mA) 


> 3.5 min 


1.75 max. 





60 

75 
50 to 150 
(lc=15mA) 


35 min. 
(lc =200m A) 


> 4.5 min. 


1.75 max. 


220 max. 


(lb 3.1MA) 


(Ib 1.25mMA) 











- Switching transistors 


A range of fast switching transistors com- 
prising both pnp and npn germanium alloy 
junction types is available from Mullard. 
These are high peak current transistors 
designed and controlled for all computer and 
fast switching work up to 1 Mc:s p.r.f. 

The availability of both pnp and npn transis- 
tors does more than free the designer from 
problems of supply voltage polarity—it pro- 


vides him with transistors for pnp/npn 
circuit combinations. This, together with the 
presence of types with symmetry of junction 
construction and others with asymmetrical 
junctions, makes possible the design of 
circuits which represent a considerable 
advance in computer design. 


For full data and any further information 
please telephone or write Mullard House. 


PNP/NPN combinations give positive advantages 

Now that both pnp and npn germanium alloy junction transistors with similar 
characteristics are available, designers can think seriously in terms of pnp/npn—or 
“complementary'’—circuit configurations and their possibilities. 


Complementary circuits faster 


Complementary fast switching circuits using one pnp and one npn transistor can be 
designed for faster operation than circuits using either two pnp or two npn types. 


Fewer components 
A reduction in the number of associated components is possible with 
pnp npn configurations compared with more conventional circuits. 


Lower power consumption 

Complementary bi-stable circuits can be designed so that both transistors are 
on" or both “‘off" together. In an equipment where there are few pulses, a very 
low quiescent current means low power consumption. 


Extended equipment life 

In those positions in complementary circuits where there are relatively few 

switching operations, the mean transistor dissipation and junction temperature are low 
Consequently, equipment ambient temperatures are kept at a minimum, 

and the reliability of components is improved and life extended. 


Application possibilities 

Besides setting a new horizon in computer design, the availability of 

both pnp and npn transistors offers possibilities in 

other fields including audio amplifiers and servo control circuits where they may be 


used in phase splitter ~ jush-pull stages. 


Mullard 


industrial 
semiconductors 


Until recently, 1 Mc/s was considered the highest possible speed for 
transistor computers and, today, meny equipments in quantity manufacture 
are using Mullard alloy junction transistors at this speed. 
However, a p.r.f. of 10 Mc/s is now becoming possible, and development is 
nearing completion on alloy diffusion transistors for operation at this 
speed. Watch Mullard announcements for further details. 


MULLARD LIMITED Semiconductor Division 
Mullard House - Torrington Place - London WC1 - Telephone: LANgham 6633 
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OC41 and OC42 PNP Transistors 


"OB 
SF 














Asymmetry of junction construction 


The asymmetry of the two junctions of these transistors contributes 
largely to their short turn-off time characteristics. 


The peak current rating is high, and frequency performance is defined in 
terms of the large signal parameter a This is a measure of the charge 
to be injected into the base to produce a required collector current when 
the time is so short as to allow negligible loss of charge by recombina- 
tion. The use of the parameter /; gives more scope to the designer in 
the prediction of circuit rise times under various operating conditions 


The external metal case of these transistors allows them to be clamped 
securely in position and a heat sink to be used for higher dissipation 
ratings. 


These transistors are suitable for applications other than computers 
and the OC41 in particular offers an economic solution to many problems 
in general industrial equipment design. 


0C139 and OC140 NPN Transistors 
Symmetrical transistors for high currents 


These two transistors have very high peak current ratings. Their rise 
time performance is defined in terms of time constants for output peak 
currents of 200 mA with both normal and inverted connections. 


The high emitter-base voltage rating and control of characteristics in 
the inverted connection assists in their use as bilateral circuit elements. 


The symmetrical junction construction of the OC139 and OC140, together 
with their very low bottoming voltages and high current ratings, makes 
them particularly suitable as gating transistors. The OC139 can be used 
in a half current pulse circuit to gate a 50,000 core store with a half 
current of 225 mA. 





PNP TYPES NPN TYPES 





oCc41 0C42 0C139 OC140 





(V) —15 —15 20 20 
(mA) 125 125 250 250 
(mA) 50 50 200 200 


Vee max. (pk or d.c.) 
ic (pk) max. 
le max. 


Reverse emitter Ven max. 
(pk or d.c.) —12 20 20 


50 (free air) | 


(V) —12 


Ptot max, (at 45 C amb temp) (mW) 
( C) 
at low | 


T; max. (continuous) 


Large signal gain & 
at high |. 


Cut-off frequency fo (Mc/s) 


Large signal cut-off frequency f 
ic (pk) ; 
27Qb 

charge into base 

ib (pk) x time of base 

pulse (Mc/s) 


where f 


and Qp 


Time constant for normal and 
inverted connections (ic(pk) 


200 MA, Vce 0.75 V) 


Bottoming voltage Vce 
at 50mA 


(us) 


(mV) 








{ 50 (free air) 
166 (heat sink) 
75 


40 av 
(le=10mA) 
10min. 25 av 
(lc=125mA) 


3.0 min 4.0 av 
(ic (pk) 

base cur 

of 0.1 1 


- 
(Ib 3.0MA) 


66 (heat sink)! 
75 
80 av 
(lc =10mA) 
20min. 50 av 
(lc =125mA) 


5.5 min. 7.0 av 
10mA) 

rent pulse 
nicrosec 


00 max. 
(lb 1.5mA) 








60 
75 
20 to 80 
(Ie=15mA) 
14 min 
(lc =200mA) 


> 3.5 min 


1.75 max. 


22 
(Ib 3.1MA) 





60 

75 
50 to 150 
(lc =15mA) 


35 min. 
(lc =200mA) 


> 4.5 min. 


1.75 max. 


Vax 


(Ip 1.25MA) 











A range of fast switching transistors com- 
prising both pnp and npn germanium alloy 
junction types is available from Mullard. 
These are high peak current transistors 
designed and controlled for all computer and 
fast switching work up to 1 Mc/s p.r.f. 

The availability of both pnp and npn transis- 
tors does more than free the designer from 
problems of supply voltage polarity—it pro- 


- Switching transistors 


vides him with transistors for pnp/npn 
circuit combinations. This, together with the 
presence of types with symmetry of junction 
construction and others with asymmetrical 
junctions, makes possible the design of 
circuits which represent a considerable 
advance in computer design. 


For full data and any further information 
please telephone or write Mullard House. 


PNP/NPN combinations give positive advantages 

Now that both pnp and npn germanium alloy junction transistors with similar 
characteristics are available, designers can think seriously in terms of pnp/npn—or 
‘“‘complementary’’—circuit configurations and their possibilities. 


Complementary circuits faster 


Complementary fast switching circuits using one pnp and one npn transistor can be 
designed for faster operation than circuits using either two pnp or two npn types. 


Fewer components 
A reduction in the number of associated components is possible with 
pnp npn configurations compared with more conventional circuits. 


Lower power consumption 

Complementary bi-stable circuits can be designed so that both transistors are 
on" or both “off” together. In an equipment where there are few pulses, a very 
low quiescent current means low power consumption. 


Extended equipment life 

In those positions in complementary circuits where there are relatively few 

switching operations, the mean transistor dissipation and junction temperature are low 
Consequently, equipment ambient temperatures are kept at a minimum, 

and the reliability of components is improved and life extended. 


Application possibilities 

Besides setting a new horizon in computer design, the availability of 

both pnp and npn transistors offers possibilities in 

other fields including audio amplifiers and servo control circuits where they may be 
used in phase splitter and push-pull stages. 


Mullard 


industrial 
semiconductors 


Until recently, 1 Mc/s was considered the highest possible speed for 
transistor computers and, today, mzny equipments in quantity manufacture 
are using Mullard alloy junction transistors at this speed. 
However, a p.r.f. of 10 Mc/s is now becoming possible, and development is 
nearing completion on alloy diffusion transistors for operation at this 
speed. Watch Mullard announcements for further details. 


MULLARD LIMITED Semiconductor Division 
Mullard House - Torrington Place - London WC1 - Telephone: LANgham 6633 
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to get 
around 


No petrol engines, no electricity, no way of machining metal 

to fine limits — our ancestors had to depend on wood, muscle-power 
and ingenuity to make this forerunner of the motor scooter. 

A fair solution, considering their limited resources. 

To-day when the problems are so much more complicated, 

the solution is often much simpler —contact ‘Varley’. 


If your problem is automatic, remote or push button 
control; the answer proved many times in many fields is, a‘ Varley’ Solenoid. 


EVE(AY solenoids 


RECO TRADE MARK 


The New E Range 

(Illustrated), 

has been designed 

to give greater power, 
quieter hold for smaller size, 


For full details of Varley Solenoids, write for Illustrated Catalogue T.1/1 
OLIVER PELL CONTROL LTD 
Cambridge Row, Burrage Road, Woolwich S.E.18 
Tel: Woolwich 1422 (5 Lines). Telegrams: Olipel, London S.E.1& 


Tasiei 
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silistors 


the answer to many transistor 
circuit problems 


A silicon resistor having a pronounced positive 
resistance/temperature coefficient. 


(STC also supply Thermistors with negative 
resistance/temperature coefficient). 


A typical Silistor application is shown below 


COMPARISON OF EFFECT OF 
A SILISTOR WITH THAT OF 
A RESISTOR IN EMITTER LEAD 


‘so 


1I30.N SILISTOR 


40 60 80 
TEMPERATURE °C. 


SILISTOR AS 
EMITTER 
RESISTANCE 


Data sheets and further information gladly sent on request. 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 
TRANSISTOR DIVISION: FOOTSCRAY ~- SIDCUP + KENT 


COMPONENTS 
GROUP 
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1Mc/s TRANSISTORISED COUNTER 


. in this case up to | Mc/s. And the inside of the 
Advance time and frequency measuring counter type 
TCI is rather exceptional. Over 145 transistors and 21 
printed circuit boards have been combined in an ad- 
vanced design to provide the full facilities and high 
performance expected of a first-grade laboratory in- 
strument. 

Nett price in U.K. £350 





Leaflet MY 101 will be forwarded on request. 


SIX FIGURE DISPLAY accurate to + 1 count 
FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 
TIME MEASUREMENT from | » sec. to 2,777 hours 


%* PERIOD MEASUREMENT | or 10 periods of input waveform 
down to 10 c/s 


RANDOM COUNTING totalling over any period 

OUTPUT TIMING PULSES from 10°! to 10* p.p.s. 
INTERNAL STANDARD oven controlled 1 Mc/s crystal 
STABILITY + 1 part in 10° at 25°C 

SELF-CHECK FACILITIES to internal crystal standard 
FREQUENCY MEASURING PERIOD 0.1, 1.0 or 10.0 seconds 
REPITITION OF COUNT manual or automatic 

POWER CONSUMPTION 3W (battery). 14VA (mains) 
DIMENSIONS length 12 in., height 9 in., depth 6 in., weight 12 Ib. 





* AND NOW-—Virtually to d.c. with V.L.F. 
Converter type C.A.1. 








Advance COMPONENTS LIMITED 


en: IMSTRUMENTS DIVISION Jacl 
ROEBUCK ROAD + HAINAULT * ILFORD + ESSEX * TELEPHONE * HAINAULT 444 = [T/Ab 
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proved reliability 


CAPACITORS 


The use of STC Capacitors in vital communication and navigation 
equipment throughout the world acknowledges their high degree of 
reliability. Equipment which must operate with unfailing efficiency 

over very long periods demands critical performances from every 
component. This standard of performance is met by STC Capacitors. 
The production techniques for these special applications were 
evolved from established processes for all STC Capacitors— 

a guarantee of consistency and efficiency in your equipment. 





@ Extensively life tested to 
establish long-life per- 
formance. 


@ Manufactured in closely 
controlled atmospheres. 





@ Process controlled at all 
stages of production. 











@ Tested on equipment 
specialiy designed to 
simulate operating con- 
ditions. 


Illustrated is a repeater station in the new Anglo-French 
microwave telephone and television link. STC Capacitors 
are used in this and many other SHF communications 


; se systems throughout the world. 
Write for STC Capacitor literature to: 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


CAPACITOR DIVISION: BRIXHAM ROAD - PAIGNTON - DEVON 
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“Twitterton! 


Is this really 


FORMICA?” 








able enough for this important job in the 


Yes, this is a printed circuit made from 
field of electronics. 
People (including Twitterton’s friend, and 


FORMICA COPPER-CLAD material. It is a vital 
part of the new Industrial Analogue-Digital 


Converter made by Ericsson Telephones perhaps even you) are finding it difficult to 


Limited. The printed circuit helps to lower 
the cost of this instrument, and ensures that 
maintenance will be little and easy. FORMICA 


copper-clad laminate was considered depend- 





keep up with all the things Formica Limited 
are doing nowadays. Which isn’t surprising. 
You've got to be pretty quick to keep pace 


with a fast-moving company like this! 


EXTRUDED PLASTICS 
DECORATIVE LAMINATES 
CHAIR SETS 
INDUSTRIAL LAMINATES 











* FORMICA is a registered trade mark 
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SenterCel 


germanium junction 
photo-electric cells 


TYPE PG40B 


Se TE eS a, ee eas 


for punched card and punched 
tape scanning applications 


The result of manufacturing development 
work on the type PG40A, this cell consists 
of a germanium element with p-n junction 
parallel to the largest face. The overall 
diameter is only 0.080” and this reduction 
in size offers greater facility for mass 
grouping where the devices are used for 
scanning punched card and perforated 


tape. 


TYPE PG5OA 


for machine tool control and 
industrial counting applications 


Characterized by small size and large out- 
put. This type has an impedance and 
output characteristic which enables it to 
be used with both relays and valve 
circuits. The cell consists of a germanium 
element with a p-n junction parallel to 


the largest face. 





Full electrical and spectral characteristics are given in 
Technical Data Sheets obtainable from:— 


comomeare Dlandard Telephones and Cables Limited 


GROUP Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY . HARLOW . ESSEX 
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3” 


THE BRILLIANT RANGE OF SIEMENS & HALSKE GEARED largest being approximately 1}” x 3” including gearbox. 
MINIATURE D.C. MOTORS. Siemens & Halske high efficiency Motors are available with working voltages up to 4V D.C.., 
miniature D.C. motors are available in three sizes, the but they will in fact turn from a signal as low as 50 mV. 

Torques are impressive—up to 270 cm.gms.—and an 


& RELAYS electro-mechanical efficiency of the order of 70%. The 
~cste working temperature range is —35°C to +60°C. 


B. & R. RELAYS LTD., TEMPLE FIELDS, HARLOW, ESSEX 


Telephone: Harlow 25231/4 Member of the Gas Purification Group 
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PERMALLOY ‘C’ 

for highest initial permeability, useful 
for wide-band frequency transformers, 
current transformers, chokes, relays 
and magnetic shielding. 


ensure CONSISTENT 
magnetic characteristics 


PERMALLOY ‘B’ 

has lower initial permeability than 
Permalloy ‘C’ but has a higher value 
of flux density. It is suitable for use 
where high permeability to an 
alternating field superimposed upon 
a steady polarising field is required. 


with STC 
permalloys & permendur 


PERMALLOY ‘D’ 

for very high resistivity without 
undue lowering of the maximum flux 
density. Variation of permeability 
with frequency is small. Ideal for 
H.F. applications. 


PERMALLOY ‘F’ 

very rectangular hysteresis loop with 
a rententivity of at least 95%, of its 
saturation value; high flux density 
and low coercive force. Idea] for 
saturable reactors, magnetic 
amplifiers, digital computers, 
memory devices, etc. 


V-PERMENDUR 

for high permeability with a very high 
value of maximum flux density. Finds 
special application for use as high 
quality receiver diaphrams, also 
motor generators and servo- 
mechanisms in aircraft where weight 
and volume are important factors. 





PHYSICAL PROPERTIES AND GENERAL MAGNETIC CHARACTERISTICS 





Permalioy ‘B’ 


Permalloy ‘C’ 


Permalloy ‘D0’ 


Permalloy ‘F’ 


V-Permendur 





Specific Gravity 
Electrical resistivity— 
microhms per cm cube 
initial permeability “o 
Maximum permeability 
“max 


Magnetising force 

for “max-oersteds 
Maximum flux density-gauss 
Coercive force in oersteds 
for Bnax 5 000 gauss 


Remanence in gauss 
for Bmax 5 000 gauss 


Hysteresis loss in ergs/ce/ 
cycle for Bax 5 000 gauss 


Total loss in watts/ib for 
Bax 5 000 gauss 50 c/s 





0.015 in. sheet 


8.3 


55 
2 000 to 4 000 


15 000 to 40 000 


0.20 to 0.40 
16 000 


0.15 





60 
15 000 to 40 000 
50 000 to 150 000 


0.025 to 0.04 
8 000 


0.03 





8.15 


90 
1 800 to 3 900 


12 000 to 20 000 


0.2 to 0.5 
13 000 


0-15 





8.4 


26 
400 to 1 000 


200 000 to 400 000 


0.03 to 0.10 
14 000 


13 000* 


220° 


0,3* 





8.2 


26 
700 te 1 000 


3 000 te 6 000 


2.0 te 6.8 
24 000 


2.3f 








* for Bmax 


14 000 gauss 


+ for Bax 20 000 gauss 





Write for Technical Data Sheets :— 


Standard Telephones and Cables Limited 


COMPONENTS 
Groupe 





EDINBURGH WAY 


Registered Office: Connaught House, Aldwych, London, W.C.2 
MAGNETIC MATERIALS SALES DEPT: 


HARLOW 


ESSEX 
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MINIATURE MICROPHONE/INPUT TRANSFORMERS 


Our standard range of microphone/input transformers available from stock 
includes the following types: 
| Matching | 


Type | impedances | Turns 


| Primary | 
Ref. (in ohms) Ratio 


Resistance | Secondary 

(Total) Resistance 
EN. 2083 3:100,000 | 1:182 | O4ohms 5,300 ohms 
EN. 2084 | —10:100,000 eg | 0.6 ohms 5,300 ohms 
EN. 2085 |  25:100,000 : | L4ohms 5,300 ohms 
EN. 2086 50:100,000 : | 2..ohms | 5,300 ohms 


EN. 2087 75:100,000 : | 40ohms | 5,300 ohms 


| 
EN. 2088 | 150:100,000 | = 1:25. | @2ehms 5,300 ohms 
EN. 2089 | 300:100,000 18. 14.0 ohms 5,300 ohms 
EN. 2090 600:100,000 st: | 29.00hms | 5,300 ohms 


(All types are supplied with centre tapped primary winding and colour coded 
P.V.C. Leadouts). 


These are available with wrap-over clamp or fitted in mumetal screening can. 


Driver and Output transformers for Transistor amplifiers. 
Pulse Transformers. 

Transformers for Transistor D.C. Converters and Inverters. 
Filter network. 

Miniature and Sub-Miniature electronic assemblies. 
Miniature windings—52 or 54 SWG wire. 


Resin encapsulations and castings. 


Hearing Aids and Audiometers. 


THE BELCLERE COMPANY 


171 COWLEY ROAD - OXFORD Tel. Oxford 43431-2 - Cables Belclere Oxford 
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Yes? Then you'll want to know more about these particular types. We've 

INTERESTED IN produced them specially for detecting and measuring gamma-radiation. 
(They are also light-sensitive). 

The standard cell, Type V 022 is a single cadmium crystal mounted hori- 

CADM i U M zontally on a header and hermetically sealed under a glass dome. In the 

Type V 021 the sensitive element is a single cadmium sulphide crystal 


mounted axially, close to the end of a thin-walled, vacuum-sealed glass 


SULPHIDE tube for use as a probe. 
The table below shows the sensitivity of the cells expressed both in terms 


of the total current passed by the crystal under gamma rays (flux at 


pe 0T0 C0 Ni D U CTIVE crystal — 1 Roentgen per min.) and the gamma current/dark current ratio. 


CELLS IN - 
DEVELOPMENT =f -- = 


V 021 Group 2 


QUAN [ i i i ES q The cells have a linear response to voltage and may be used under a.c. or d.c. 
conditions up to 100v. peak. We shai/ be happy to give you fuller information. 








EDISWAN INDUSTRIAL VALVES 


Associated Electrical industries Ltd 

Radio & Electronic Components Division 

industrial Vaive Department -155 Charing Cross Road-London WC2 
Tel: GERrard 8660 : Telegrams: Sieswan Westcent London 


CRC 16/15 
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Speed is the need in Printed Circuits 


@ 


i a ' ; 44 
- — f , 
ee a " v 
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ee | a 
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meee TOS Sy COROT EY ry Yr © 


Ik | BOIN ID print circuits faster 


The Printed Circuit is rapidly becoming established assembly 
practice in every field of electro-mechanics. Meeting this 
increasing demand takes specialist production such as only 
Bribond offers. Bribond manufacture circuits complete from 
design to finished board, and every stage is organised on modern 
line production methods providing outputs of any quantity. And 
each individual circuit is subjected to three critical inspections. 
This is increased when the copper is plated with either rhodium, 
silver, or gold. 


IN BON ID make prototypes quicker 


The prototype department is at the service of all Bribond custo- 
mers. It can produce within 48 hours or less, the initial circuit 
from which future production can be planned. All that is needed 
is a clean circuit image from which reproduction can be made. 
Where desired, and time permits, the whole of this work can be 
carried out in our drawing office. Bribond recognise that quick 
prototypes-_whether for complete units or small sub-assemblies— 
are essential in these highly competitive days when anything that 
shortens the time-lag between drawing board and production 
can mean a big reduction in marketing costs. 


Ik N ID maintain prompt deliveries 


Bribond have organised production to guarantee prompt delivery 

of customer’s requirements. Consultation and planning of any 
snitnn ther att Gatalté form of printed circuit double sided, component notated, flexible, 
and samples to flush surfaced, plated, etc.—is freely offered and your enquiry is 
BRIBOND LIMITED invited, 


Burgess Hill, Sussex 
Telephone: Burgess Hill 85611 
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INCREASES PRODUCTION EFFICIENCY IN INDUSTRY 


$ ; 
: Aidit gh 4 


\a vr 


Small control box containing 
loudspeaker and controls for the 
Pye (PTC 2107) Ranger 
V.H.F. A.M. Mobile Radio- 
telephone made by Pye Tele- 
communications Ltd., Cam- 
bridge, in which a number of 
components made from ‘Fluon’ 
p.t.f.e. is used. 


Main transmitter unit for the Pye 
(PTC 2107) V.H.F., A.M. Mobile 
Radiotelephone, made by Pye Tele- 
communications Ltd., Cambridge, in 
which a number of components made 
from ‘Fluon’ p.t.f.e. is used. 


Pye use ‘Fluon’ components for 
maximum reliability in 


‘Ranger’ V.H.F. 


Pye (PTC 2007) V.H.F. A.M. 
Mobile Radiotelephone made by 
Pye Telecommunications Ltd., 

Cambridge, in which several com- 
ponents made from ‘Fluon’ p.t.f.e. 


are used. 


(ICTY 7 


nel IMPERIAL CHEMICAL INDUSTRIES LIMITED 





in 
— 











OCTOBER 


1960 


radiotelephones 


Pye ‘Ranger’ v.h.f. radiotelephones are designed for con- 
tinuous operation under the worst possible climatic con- 
ditions. To ensure maximum reliability, Pye use a number 
of components made from ‘Fluon’ p.t.f.e. in these sets. 
‘Fluon’, which is an I.C.I. plastic material, is the best of 
all solid dielectrics, with a very low power factor and 
permittivity, and is a very good insulator. In addition, 
‘Fluon’ is tough, flexible, chemically inert and has a surface 
to which very few substances will stick. 

These remarkable properties alone would have made 
‘Fluon’ of supreme value to the electrical and electronics 
industries. But ‘Fluon’, in addition to its reliability as an 
insulator and dielectric, is unaffected by water or water 
vapour. ‘Fluon’ has a working temperature range of from 

250°C down to at least liquid nitrogen temperatures. 


a oe ee Ome © ty ae 


‘Fluon’ is the registered trade mark for the 
polytetrafluoroethylene manufactured by 1.C.1. 


LONDON SW1 
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Housings of all sizes or shapes, simple or complex, can best be made with 

Imiok, quickly and economically. The Imlok system of interlocking alloy 

extrusions and connectors includes many different angles, various special 

strengthening members and a host of accessories to give you a truly versatile The Imiok Manual gives full 
method af construction details, illustrations and 
Imlok is ideal for both your prototype and production work. It can be bought in specifications of ail 

6 different stages of manufacture :— (1) individual corner connectors with ' components, step-by-step 
extrusions in 12 foot lengths ; (2) connectors pre-drilled for assembly with self- i : instructions as to their use, 
tapping screws ; (3) pre-drilled connectors with extrusions custom cut by Imhofs and suggestions on the 

to your lengths and mitred ; (4) framework assembled complete, ready for fitting S various forms of unit which 
your own panels; (5) complete structure with panels, but unpainted; = can be built with Imlok. 

(6) complete fully finished structure. Whichever way you buy Imlok you : Write today, for your 

will reduce general costs, cut out tool costs and be certain of having exactly free copy! 

what you require—quichly 


Alfred Imhof Ltd., eums <- ee Cowley Mill Road, Uxbridge, Middx. London Showrooms: 112-116 New Oxford Street WCl Museum 7878 
ge 


IMHOFS AGENTS OVERSEAS 
Algeria: E.G.E.E., Paris (19) Finland: Oy Scienta Ab. Helsinki Morocco: £.G.E.E., Paris (19) Switzerland: Walter Blum, Zurich 2/39 
Australia: Aladdin Industries (Pty) Ltd, France: E.G.E.E., Paris (19) New Zealand: imarex Ltd, Auckland C3 Tunisia: E.G.E.E., Paris (19) ' 
Stanmore NSW Germany: Sunvic Regler GMBH Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc, ; 
Beigium: Rogelec, Ghent Solingen—Ohligs Portugal: Projectos e Construcdes Lda, Cleveland 3, Ohio 
: Measurement Engineering Ltd, Holland: }. Th. van Reijsen, Delft Lisbon British Guiana: 
Arnprior lealy: Stuart Culley Milan South Africa: Switchcraft (Pty) Limited, Davsons Caribbean Agencies Ltd, 
Denmark: Tage Schouboe, Mexico: Aluminio Arquitectonico, Johannesburg Georgetown 
Copenhagen N S.A. ,Mexico D.F, Sweden: Electroniund AB, Malmo C 
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Workshop angle 
and D.O. viewpoint 


Now that machining costs are so high, the 
legibility of working drawings has become of 
supreme importance. ILFORD Azoflex 
photoprinting papers give maximum legibility 
combined with speed of production and long life 
in normal storage and use. That is the workshop 
angle combined with the viewpoints of the 
drawing stores and D.O. 


More specifically, the D.O. is interested in the 
Azoflex dyeline process because no ducting or 
darkrooms are necessary ; the process is dry, there 
are no fumes or excessive heat generated. 


An economical and time-saving feature is that the 
correctness of exposure/machine speed can be 
gauged and adjusted immediately, even in the 
largest Azoflex models, because the Azoflex copy 
emerges fully processed in seconds and within 
view and easy reach of the operator. 
Inexperienced staff quickly grasp the simple 
details of Azoflex machine operation. 


Photograph by courtesy of Duraglass Limited 


Your company might benefit. . . 


we | Many business and industrial concerns find that it pays 

a () “ Vy Zz © € » 9 to hire certain AZOFLEX machines — rather than buy 
them outright. Enquiries will be treated with the utmost 
discretion, and will not commit you in any way. 





Photoprinting Papers and Machines 
{LFORD LIMITED - INDUSTRIAL SALES DEPARTMENT AZ22G - ILFORD + ESSEX 
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HASSETT & HARPER 


CABINETS 
ARE IN 


AreiMeS VICTORIOUS 


TC Ee ee ee ee 9 SE Or 


*€ 
a 
wene: 


Hassett & Harper cabinets were specified by Pye 
Telecommunications Ltd., to house part of the electronic 
equipment which goes to make H.M.S. Victorious one of 


the most up-to-date vessels in the world today. 


We are proud to include Pye amongst our distinguished 
list of customers and to have had the opportunity of 


co-operating with them on this and other projects. 


From initial consultation, through development and 
finished production to delivery on the dot, our engineers 


display a keen interest in every job they tackle. 


There’s a Hassett & Harper standard cabinet to fit most 
requirements; and we can build a special to satisfy 


anyone. Ministry K114 specification is normal. 


May we supply our literature and Data Sheets? 


assclt é Harper lid 


REGENT PLACE BIRMINGHAM 
Telephone : CENtral 6418 


1 GREAT CUMBERLAND PLACE W.1 
Telephone : Paddington 4691 
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For fast accurate counting 


You can’t do better than to specify this Series 100 instrument. 
Tooled to the finest limits, together with a highly efficient 
magnetic circuit, it offers a long life, with extreme accuracy, 
at fast counting speeds. Figures are large and readable with 
perfect alignment; the whole counter carries the superb finish 
for which all C.I. products are famous. Designed for flush 
panel mounting; number of figures—6. 








Mechanism is the heart-shaped type, and accidental resetting when 
High speed the counter is running does not harm the mechanism. 


quick reset opERATING VOLTAGE 24 or 48 volts D.C. 
110/115 volts A.C. 50 or 60 cycles. 
electro-magnetic 200 250 volts A.C. 50 cycles. 
POWER CONSUMPTION | 4 watts. Coils continuously rated. 
OPERATING SPEED At least 20 counts per second. 
RESET .._—svr Push button or Electric. 
NUMBER OF FIGURES ' 6 
push button FIGURES | White. 7/32” high (5.4mm) on black }” 
| dia. wheels. 
or electrical CASE | Die cast case with aluminium side plates, 
| Finish matt black. 
LEADS 12’ Trailing. 


counter 


reset 
Also available as a dozens counter with first wheel graduated 0 to 11. 
eR SSN SANA 20 AREER SURREY I eR 
Counting Instruments Ltd. Elstree Way, Boreham Wood, Hertfordshire, England, 
Telephone: ELStree 1382 


uh 
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Microwave communications systems 
for 6,000-mc broadband multiplexing 


Broadband, long-haul 6,000-mc relay systems are now being installed in Japan. 
They are the first broadband equipment for commercial use in this band. 


NEC is offering this equipment in capacities of 960 and 1,200 telephone channels, 
and superchannel equipment handling up to 2,400 channels becomes available 
soon. All meet CCIT requirements for toll-quality transmission. 


High stability and reliability are inherent in these features : 
@ Highly simplified schematic requiring less floor space than any similar equipment. 


@ Extremely high frequency stability by use of cavity frequency control, eliminating AFC 
@ Use of microwave diode for receiving frequency converter, improving noise figure 
NEC is the only source offering microwave communications systems in all bands 


from 800 to 14,000 mc. Site engineers are prepared to recommend the most 
economical system to PTT, military, and commercial users anywhere 


> Mppon Electric Company Lfd. 


Systems / Components 
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Type 6G-1200 6,000-mc 
transmitter-receiver _ pro- 
vides 1200 telephone 
channels or 1 color TV 
channel 


Tokyo, Japan 
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THE THINGS THEY 
DON’T KNOW ABOUT 
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Microwave communications systems 
for 6,000-mc broadband multiplexing 


Broadband, long-haul 6,000-mc relay systems are now being installed in Japan. 
They are the first broadband equipment for commercial use in this band. 


NEC is offering this equipment in capacities of 960 and 1,200 telephone channels, 
and superchannel equipment handling up to 2,400 channels becomes available 
soon. All meet CCIT requirements for toll-quality transmission. 


High stability and reliability are inherent in these features : 
@ Highly simplified schematic requiring less floor space than any similar equipment 
@ Extremely high frequency stability b 5€ f fity frequency control, eliminating AFC 


@ Use of microwave diode fi iVvIng > converter, improving noise figure 


NEC is the only source offering microwave communications systems in all bands 
from 800 to 14,000 mc. Site engineers are prepared to recommend the most 
economical system to PTT, military, and commercial users anywhere 


<> Mppon Electric Company Ltd. 
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TO THE HIGHEST STANDARDS OF 
AOCURACY AND RELIABILITY 


‘The Valve Division manufactures a very wide and varied 
range of special valves and tubes, for broadcasting, 
radar, nuclear and scientific applications. Demiand for 
_ these products is constantly increasing throughout the 
a eee 
bility. 


Our range of tubes includes: 


PHOTOMULTIPLIERS AND 
OTHER PHOTOSENSITIVE DEVICES 


PICK-UP AND STORAGE TUBES 
REPLEX KLYSTRONS 
HIGH POWER KLYSTRONS FOR RADAR 
CATHODE way TusEs 

—we have reabatay devélopedt the following 
additions to our range:- 
wicve BAND REFLEX KLYSTRON CAVITIES 


—the E.M.1, series of 4 now covers therange 
2.6—8.9 Kmcs. KLYSTRONS FOR 























— 
al 
a 
sg 
62 
=e 
2, 
M 
< 
ee 








EE 26089 for further Jetails 


Fewer components... 


greater reliability 





Reliability is not the easiest of terms to define — someone 
else’s definition inevitably takes no account of your own 
requirements. Yet on one thing all agree, there are only 
two ways to get greater circuit reliability, one is to choose 
only the best components and the other to reduce the num- 
bers used. Here difficulties arise for although there are many 
excellent component alternatives it is only rarely that there 
becomes available a device which will, without sacrificing 





performance, allow big component saving. 

Trochotron Beam Switching Tubes are such devices. 

With the 28V VS.10.K, the Ericsson range has been further 
extended to give Trochotron reliability at low voltage work- 
ing and here again component saving is remarkable. For 
instance, in conventional transistorized decade counters with 
visual readout, transistors and diodes may number about 90, 
whereas using the VS.10.K Trochotron this total is reduced 
by about ninety percent. 

If, therefore you are concerned with counting, frequency 
dividing, timing, programming, gating etc., make sure you get 
greater reliability with fewer components by using Ericsson 
Trochotron Beam Switching Tubes. 


28V 
TROGHOTRON 





























Heater 6.3 or 28.0 V 
Max. spade to cathode voltage 30 V 
Min. spade to cathode voltage 24v 
Target current 2.0 mA nom. 
Counting speed | Mc/s 





The whole range of Trochotrons is being colour coded for ease 
of identification. VS.10.G-Red. VS.10.H-Yellow. VS.10.K-Green 


For booklet and leaflets please write to:- 


TUBE DIVISION 


Es ¥ OH NOTTINGHAM 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE 22 LINCOLN’S INN FIELDS LONDON W.C.2 
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EMIAC II 
HAS NO EQUAL 
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Fewer components... 


























greater reliability 


Reliability is not the easiest of terms to define — someone 
else’s definition inevitably takes no account of your own 
requirements. Yet on one thing all agree, there are only 
two ways to get greater circuit reliability, one is to choose 
only the best components and the other to reduce the num- 
bers used. Here difficulties arise for although there are many 
excellent component alternatives it is only rarely that there 
becomes available a device which will, without sacrificing 
performance, allow big component saving. 

Trochotron Beam Switching Tubes are such devices. 

With the 28V VS.10.K, the Ericsson range has been further 
extended to give Trochotron reliability at low voltage work- 
ing and here again component saving is remarkable. For 
instance, in conventional transistorized decade counters with 
visual readout, transistors and diodes may number about 90, 
whereas using the VS.10.K Trochotron this total is reduced 
by about ninety percent. 

If, therefore you are concerned with counting, frequency 
dividing, timing, programming, gating etc., make sure you get 
greater reliability with fewer components by using Ericsson 
Trochotron Beam Switching Tubes. 





BEES TON 


28V 
TROGHOTRON 


VS 10 K 


Heater...... , ssseesee Ged OF 288 V 
Max. spade to cathode voltage......30 V 
Min. spade to cathode voltage 

Target CUrrent.........000-+. 2.0 mA nom. 
COMMAIMG GHSSE.........0200scc0se0000 Ll Me/s 








The whole range of Trochotrons is being colour coded for ease 
of identification. VS.10.G-Red. VS.10.H-Yellow. VS.10.K-Green. 


For booklet and leaflets please write to:- 


TUBE DIVISION B=4-J(@INN@)\\| 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
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IN A THRICE! 


@s) 
MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd. and Dow Corning Corporation) 


first in British Silicones 
68 Knightsbridge, London, SW1. Telephone: Knightsbridge 7801. 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


ELECTRONIC ENGINEERING 


a silicone rubber that’s easy 
to cure and simple to use.... 


COLD-CURE SILASTOMER is a silicone rubber you can set at room 
temperature. Add the catalyst, mix it in thoroughly and in minutes—or 
hours if you wish—you have a silicone rubber with all the well-known 
properties of oven-cured Silastomer. Cold-Cure Silastomer is available in 
three different viscosities to suit different processing techniques. When 
potting and encapsulating, for example, use of the fluid grade makes it 
easy to fill all voids and awkward corners. Its remarkable properties 
include: 
* Excellent thermal stability—can be used up to + 250°C or 
down to—50°C. 
* Outstanding electrical insulating properties. 
* High thermal conductivity. 
* Protects against moisture, dust, oxidation, weathering, 
ozone, corona and mechanical shock. 


Silastomer is the registered trade name of a comprehensive range of silicone 
rubbers manufactured and marketed by Midland Silicones Ltd. 


To give you information on all the properties and appli- 
cations of Cold-Cure Silastomer, we have prepared a 
fully detailed and illustrated booklet. Please write or 
phone our nearest branch office for a copy. 


sre 
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SWALOGUE WILL HOLD 
ITS SOLUTION! 


Remember—our vast range 

of Transformers is available 

for delivery from stock and 

is backed by our ‘By return 
Service’ 


aa or le aa « 
7h OE 
a Lae Be ee 

re 54 

b tebe 

at las 

aes pe * tg 


OCTOBER 1960 ELECTRONIC ENGINEERING 





EE 26 092 for further details 


ore (S Iv. stabilized 


d.c. supply at 4 amps | 





How to obtain high current 
constant voltage D.C. supplies ? 


You could use cumbersome batteries, 

with their need for constant attention, but it 

is far simpler and certainly more reliable to use 

one of the new ‘Advance’ Constant Voltage D.C. 

Supply Units. This latest development in the application 

of Constant Voltage Transformers can be used to provide 

various d.c. supplies up to quite high current levels, as used in 
computers and data processing equipment. We shall be pleased to 
arrange for one of our technical representatives to call and discuss your 


requirements. 


These new D.C. Supply Units .... 
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@ Provide HIGH CURRENT OUTPUT AT LOW COST 
Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 


OUTPUT RATINGS 


NETT PRICE 
IN U.K. 





for pulse, intermittent or variable loads 


= 
@ Have HIGH ENERGY RESERVOIR, thus are suitable 
@ Operate with HIGH EFFICIENCY 





6 volts 
6 volts 
12 volts 
12 volts 
24 volts 
24 volts 
48 volts 
48 volts 


1.25 amp 

4.00 amps 
1.25 amps 
4.00 amps 
1.00 amp 

5.00 amps 
1.00 amp 
4.00 amps 


£20 








CONSTANT 
VOLTAGE 


D.c. POWER SUPPLIES 
Full technical details available'in leoflet MB.101. Advance COMPONENTS LIMITED 


eee MAINS STABILIZATION DIVISION 
ROEBUCK ROAD * HAINAULT « ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 
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crimped | 
snap-locked 


VFEN We 


connectors ls 


= 


eliminate soldering 
and combine reliability with maximum circuit flexibility. Pin and socket contacts of plated 
high conductivity alloy are crimped to the wire ends and snap-locked into a mating plug 
and receptacle unit. Generally the contacts are completely recessed in the unit so that 
it can be inserted at the most convenient stage of production assembly. 


Full-cycling controlled tooling (manual or pneumatic) ensures uniform crimping—with 
indents that can be measured for quality control. Hyfen pins and sockets have insulation 
grips which are compressed by the crimping stroke. 


The snap-lock method of locating the contacts enables circuit changes and checks to be 
made easily. It reduces the cost of circuit alterations by allowing the replacement of 
individual contacts rather than complete connectors. 





Units are polarized and have all contact positions clearly marked. Hyfen socket contacts 
have ‘closed’ leading edges to prevent damage by oversize probes and may be located 
in either plug or receptacle to give a ‘dead front’. 
Some standard HYFEN connectors are illustrated 

1 Miniature rectangular. Available for 14, 20, 26, 34, 50, 75 and 104 contacts 


2 Modular. Frames accept inserts from either front or rear of mounting panel. Available for both single 
conductor and coaxial cables with crimped connections throughout 


3 Rack and panel. One-piece moulded insert interchangeable in a one-piece die cast shell. Up to 78 
contacts for single conductors and 33 for coaxial cables 


4 Printed circuit. Edge-on connector giving smallest back-to-front dimensions. Suitable for single or 
double sided boards—warped boards are automatically aligned before engaging contacts. Accome- 
modates one or two leads to each contact on each side of board. 











BICC-.BURNDY 


BICC-BURNDY LTDf - PRESCOT - LANCS 
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IN ELECTRONIC EQUIPMENT THE WORLD OVER 


dependable voltage regulation begins 


with Silicon Zener Diodes from 


IN' TERNATIONAL CORPORATION 


World's Largest Supplier of Industrial Metallic Rectifiers 
Available in Great Britain from 


International Rectifier Company (Great Britain) Ltd., Hurst Green / Oxted / Surrey 


fa INDUSTRIAL POWER 
COMMUNICATIONS 
we. ELECTRO-CHEMICAL 
COMPUTERS AND CONTROLS 
(6) VOLTAGE REGULATION 
HIGH VOLTAGE 


International Rectifier Corporation, El Segundo, California, U.S.A. 
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2} Watts 
2 0\Megacycies 
- Silicon|NPN Transistors 








@ 
= | JEDEC encapsulation 


chiarazwse 








Power dissipation 
Collector to Base Voltage 
Cut-off frequency 


Collector current mA 


Current gain spread 


These Silicon grown-diffused transistors are particularly suitable for all applications at high temperatures and high 
frequencies such as high speed switching, i.f. amplifiers frequency modulators, etc. 


Full data-sheets and prices available from: 


M.C.P. IN Station Wharf Works 
Electronics iD \ Brees THOMSON HOUSTON 


~a\ > 
ae 4 
Limited S co Telephone WEMbley 1191 DEPARTEMENT SEMICONODUCTEURS 








ELECTRONIC ENGINEERING 





92 





L.F. Noise Generator type RG. 77 


Uniform power per unit bandwidth up to 10 c/s. 
Self-contained, portable. 








all 


Low Frequency waveform 
generator type LF. 51 


Over 30 different waveforms, sines, ramps, 
square, sine squared, trapezoidal, etc. 
Sinewaves down to periods of 33 mins. 
Unique half-cycle and one-cycle facility. 





Transfer Function Analyser TFA. 46 

Steady readings down to periods of 10,000 , 
seconds (2? hours) 

Insensitive to harmonics and noise. 

Mechanical output and modulated carrier, as 

well as normal sinewave output. : 
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SERVOMEX 


AUTOMATIC 
CONTROL 
SYSTEMS 


As specialists in feedback control systems, 
Servomex (and their associated company 
Feedback Limited) can offer hardware and 
services covering many applications in the 
servo and process control fields. 


Servomex Controls Limited Crowborough Sussex Telephone: Crowborough 1247 
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low voltage 


TRANSISTOR POWER SUPPLIES ein 0-10A | 0-208 


Output Voltage 0—30 V 








Ripple and noise <1 mV pk-pk <1 mV pk-pk 5 mV pk-pk 

Bench Units + 

—stable under the severest Output Resistance | <0.012 <0.012 | <*5x103.2 

load conditions. 
It tt in 

Exact voltage setting, and resetting Cutan 

with three decade switches, (up to 100 Kc/s.) 

adjustable in 0.1 V steps. 

Output current monitored on built-in meter. 




















Stability factor 
( °% change of mains a) 
% change of DC output 


+ve or —ve supplies. ee. 
Low output resistance and impedance. 








‘Floating’ outputs to provide 





Overload and short circuit protection Prices (UK) 
against accidental misuse. 
All the units give highly stabilised 


output voltages with all the essential *DC regulation better than 25 mV + 0.25% Voyz and particularly suitable for pulse 
applications. ; 


| Mains Input 110/220 V + 20 V, 50-60 c/s. 
a reliable and accurate power supply. |___ Permissible mains variation + 7% of nominal. _ 














qualities you would expect from 








UNIT Nos. 


D.C. Output Voltage 


Sub Units 

—now as ‘components’ in your equipment design. 
These units satisfy the most 

stringent requirements of 

pulse applications because of 

their outstanding performance figures. 

Pulsed from zero to full load without loss of control. 
Highly stabilised 100 V—400 V, currents up to 200 mA. 
Each unit is continuously variable over 100 V range. 


voltage CHOKELESS POWER SUPPLIES 


These units are of rugged construction and 
rated for continuous operation under full 
load conditions. They have lasting reliability 
with high quality components—'C’ core 
transformers—No electrolytics. 


200—300 V 300—400 V 100—200 V | 200—300 V 





Current 


100 mA | 100 mA 200 mA 200 mA 





Ripple and noise 


1 mV pk-pk typical. Always <_2 mV pk-pk 





Output impedance 
D.c Ke/s 





A.C. Outputs 


0.50 typical. Always «0.750. 





6 3V, 6A, CT 
6.3V, 6A, CT 
6.3V, 2A 


6.3V, 6A, CT 
6.3V, 6A, CT 
6.3V, 2A 


63V, 4A, CT. 
6.3V, 2A, CT 
6.3V.1A 


”6.3V, 4A, CT 
6.3V, 2A. CT 
6.3V,1A 


6.3V, 4A, CT 
6.3V, 2A, CT 
6.3V,1A 


6.3V, 6A, CT 
2A 


6.3V, 6A, CT | 





Stability factor 





152° x 64° x 7° 
(400x168x178 mm) 





13” x 52” x 62” | 


13° x52” x 6a" 13° x5)’ x6a" eee 151° x64 x 67" 
(300x147x175 mm) 


(300x147x175 mm) (300x147x175 mm) (371x168x175 mm) (400x 168x175 mm) 
(Allow +.” (approx. 8 mm) for screw heads on length and width measurements for all units) 





Weight 


epee 





Prices (UK) 


18 Ibs (8 kg) 18 Ibs (8 kg) 18 Ibs (8 kg) 22 ibs (10 kg) 27 ibs (12.3 kg) 29 Ibs (13 kg) 





£38 £52 £57 











£38 


+ . — 
| 
| 
| 


£38 £52 





*AS 952, AS 956 available as cased bench-units AS 972 (£55), AS 973 (£70) respectively. 





Mains Input 110/220V = 
Permissible mains variation 4 


20 V, 50-60 c/s. 
7% of nominal. 





Write, or ‘phone now, for details on these units and o.r comprehe sive range of 
Choke-filter and Transistor Power Supply Sub-Units. 


a ~ 


ey “a Oe FF 
SOLARTRON 
{ te | 
: + 


\ 


SOLARTRON LABORATORY INSTRUMENTS LIMITED 
Cox Lane, Chessington, Surrey, England 

Telephone: LOWer Hook 2150 

Cables: SOLARTRON, CH ESSINGTON 

International Telex: 23842 SOLARTRON T. DIT. 

¥% A Member of the Firth Cleveland Group 


~ 
~ 
~~. oo” 
iain aa GA 
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STABILISED 
POWER 
SUPPLIES 


MOE MY EERE Db BAIS TOT 


MODEL 2763 

LOW VOLTAGE KLYSTRON SUPPLY 

Resonator Supply 250 V — 400 V. 0-50 mA. 

Reflector Supply 50 V — 400 V. 0-50 microamps. 

L.T. Supply 5.5 V — 6.5 V. D.C. 0-1 Amp. 

Aux. Supply for associated circuitry 400 V. 0-20 mA. 
Stability better than 0.2%, on H.T. lines for input 
variations + 10%. 

Ripple less than 2 mV R.M.S. 

PRICE £155 ex works. 





MODEL 508 


0 — 500 V. D.C. 350 mA. 

6.3 V. 10 Amps A.C. 

Neg. 250 V. 25 mA. 

Stability of D.C. Outputs better than 
+0.1% for input variations +10%, 
and no load to full load current. 

Ripple less than 3 mV R.M.S. 

PRICE £98 ex works. 








MODEL 3798 

0 — 50 V. D.C. 100 mA. 

6.3 V.5 Amps A.C. 

Maximum variation of D.C. Output Voltage less than 
50 mV for input variations + 10%, and no load to full 
load current. 

Ripple less than | mV R.M.S. 


PRICE £68 ex works. 











ELECTRONIC -HERTSEY ROAD 
INDUSTRIES Rok 
LIMITED 
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better job in Fibre Glass moulding 


A ETI Plastics mould these electrical service 
fuse boxes in Premix Fibre Glass and make them 
tougher, safer and more reliable than the older cast 


iron and porcelain assemblies—for the same price! 


Premix Fibre Glass is a wonderful material for jobs like this because it is strong enough to replace the cast 
iron box and its electrical properties are so good that you can mount the current carrying parts directly on 
the moulding. Result: fewer parts, lower assembly costs, easier maintenance and longer life. 

Premix Fibre Glass mouldings are in a special class midway between phenolic mouldings and alloy castings, 
combining the good qualities of both: exceptional impact strength, dimensional stability and heat resistance 
with high insulation resistance and freedom from tracking plus the advantages of plastic moulding techniques. 
A EI do a better job in plastics and they know the right one for your product. Give them a sample—even 

if it is already made in plastics—and its pretty certain they'll be able to give you a still better job in 


plastics. Let them see the project in the design stage and they'll show you how it can be cheaper, simpler 


and better in plastics. 


You are invited to get in touch with 


AE! Plastics (Aldridge) Limited 
Formerly ALDRIDGE PLASTICS LIMITED 


ALDRIDGE Redhouse Industrial Estate Staffordshire Tel: ALDridge 52031 
LONDON E.C.4. 38-39 Upper Thames Street Tel: CENtrai 2332 
MANCHESTER 13. 92 Oxford Road Tel: ARDwick 4118 
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Assemblies 
offer... 


adjustment of 77% 


with an accuracy of better than +0.02% 


Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than -++-0.02°, by using 
a trimming screwdriver, whilst stability is ensured by 

the self-locking action of the adjuster core. The range of 
adjustment is approximately +-7°/, about the nominal 
mid-position of the adjuster core. Over and above these 
advantages, for each size of core there is a choice of three 
permeabilities, which are controlled to close limits so that 
it is possible to calculate and wind an inductance to 
+3%, of the value required before adjustment. 

These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world’s most efficient 

pot core. If you have not received your copy of 

Vinkor data, write at once to the address below. 


Mullard Ltd. Component Division, Mullard House, Torrington Place. W.C.1 


MC. 2968 
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TRANSISTOR 
AUDIO 
OSCILLATOR 


TYPE 42! 


... covers the range 20c/s to 20kc/s 


with a high degree of amplitude 
and frequency stability 


APPLICATION 


This unique, compact instrument is the ily 
fully-transistorised oscillator that affords 

a continuously variable frequency coverage 
over the renee 20 c/s to 20 ke/s. An 

— tional frequency stability, virtually 


ected by temperatures and aevty voltage 


variation’, has been achieved. The low 
distortion, together with the internal — 
battery and mains power units, make it ideal 
for use in the a? or the laboratory. 


* All-transistor operation 


* Performance comparable with thermienic 
valve instruments. 


* Low distortion. 

& High stability. 

* No warm-up period. 

* Freedom from microphony. 


* Self-contained batteries and mains 
power unit. 


* Very low power consumption. 


Other full 





Frequency Range: 
20 c/s to 20 kc/s in three ranges. 


Accuracy: 
3 


Output: 
Variable up to 2.5V r.m.s. into 
60022. 


Output Level: 
Constant within -+.0.5dB. 


Distortion: 
Less than | 


Output Meter: 
Calibrated 0 to 3V r.m.s.' 





Power Supply: 
100-125V and 200-250V, 50-60 
c/s, 2W approx. or self- 
contained batteries (eight Ever 
Ready Type U.11 or equivalent). 


Mounting: 
Extremely compact and port- 
able black moulded cabinet 
fitted with a universal handle 
which can be used as an 
adjustable stand. 


Dimensions: 
6 in. wide x 5} in. deep x 8} in. 
high. (104 in. over handle). 


Weight: 
53 Ib. approx. with batteries. 
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regulated - well ventilated - power supplies 


. 
1 ae aaa ha Ba tg iS ss = 


Two of mode! 

V300/200 mounted in : 
one suitable frame 

measuring 17}° x 173° x7’. 

This shows one of 

many methods of 

mounting these units 


Brandenburg recognize the importance all models—types V and HV 
reversible 
0-1 ohm 
of adequate ventilation in regulated unit ie sete: +-or ~S0%, ects henarOeny, 
less than ImV 
power supplies; and the improved design put 200/250 volts, 50 cycles “| 
output a.c. 100 and 200 mA models: 4x6-3V, 1-5A. 
for rack mounting of the new Brandenburg 350 and 500 mA models: 2x 6-3V, 5A. All 
can be paralleled 
y dimensions [00 and 200 mA models: 153” x 53” x 63” high. 
Vi range introduces a wide centre 350 mA models: 153” x 74” x 74” high. 500 mA 
models: two chassis, each 153” x 53” x 63” 
ventilation. Additionally, there is easier high. Flanged open chassis, with frames 
available for converting all models to front 
access to all components panel mounting 


All prices quoted are for U.K. only 








D.C. output D.C. output D.C. output 
Model = Prices Model Prices [§ High current 


Volts om [Amp models | Veite | Amps 
V200/100 200 V200/350 
V250/100 250 V250/350 


V300/100 | 300 V300/350 
V350/100 V350/350 


350 
350 
350 
350 
¥200/500 500 
500 
500 
500 














400 HV250/1A 


250 
£140 0 0 
HV300/IA | 300 
ex-works HV350/ 1 A 350 ex-works 





HV250/2A | 250 £230 0 0 
HV300/2A | 300 ex-works 
HV350/2A | 350 


complete with 19 front panel and assembly 


V250/500 
£48 10 0} 300/500 
ex-works| 350/500 









































Brochure on request: for further specifications of the Brandenburg ‘V’ range please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House Reigate, Surrey, England 
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standard high voltage regulated power 
supplies—up to 100 kV. 


5, 10, 20 and 30 kilovolt regulated supply 


Type $0530, model C 


output 
input 
polarity 
regulation 


50 kilovolt regulated supply 


dimensions 


output current 


output voltage 
polarity 

ripple 
regulation 


input 
metering 
dimensions 
weight 
price 


Type MRSOR 


All prices quoted are for U.K. only 

Type $0530 

1 to 10 kV at 2mA. Model A 

2 to 20 kV at | mA. Model B 

3 to 30 kV at 4 mA. Model C 

500 V to 5 kV at 2 mA. Model D 
200/250 volts, 50 cycles 

positive or negative grounded available 
against full load: better than 0.5%. 
Against mains variations of plus or 
minus 7%, better than 1%, 

5” Ernest Turner movement 

current metering jack 

standard 19” x 104” P.O. panel 

for rack mounting or bench use 


£135 ~~ 


Models A, B and C can be supplied with 
reversible output polarity at £165 


output 


input 
polarity 
regulation 


Type MR5OR 

5 kV to 50 kV at | mA 

200/250 voits 

reversible 

against full load: better than | 

Against mains variations: +-5°,,—5°, 
than 1% 

W: 24” H:23” D: 15” 


£245 vor 


100 kilovolt regulated power supply 


Type MRIOOR—3 models 

0.5 mA. Model MR1IOOR/500 

| mA. Model MRIOOR/I 

2 mA. Model MRIOOR/2 

10 to 100 kilovolts, continuously variable 
reversible 


better 


0.1% 

no load to full load: better than 1% .Against mains 
variations of plus or minus 7%, better than 1% 
200/250 volts, 50 cycles 

output voltage and current metered by 5” 
Ernest Turner, Model 605 

overall: H: 4 6”, W: 2’ 0’, D: 2’ 3, 

268 Ibs. (121 Kgs.) 

MRIOOR/SOO = £525 0 0 

MRIOOR/I = £680 0 0 

MRIOOR/2 - £745 0 0 

MOBILE BASE £18 0 0 

all ex-works 


Brochure on request : for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure, 





BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England. 
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07/2 /Le 





o 
wetthr If your problem is the design of thermostatic 


or pressure sensitive systems, small shaft couplings, 


—Y7 : pressure seals or vacuum seals, then the versatile metal 
4 WM “Lhe bellows will provide the solution. 
HY DROFLEX are, of course, to be preferred. 


Please write to the Bellows Division for your copy 
of the catalogue, quoting Dept. EE 


DRAYTON REGULATOR & INSTRUMENT CO. LTD. 


West Drayton, Middlesex Telephone West Drayton 4012 
% 


ae 
8.28. “op fe)i yy 
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a 


b RESISTORS 


... from the largest... to the smallest 


The smallest resistor engineered by 

Expamet Cressall is approximately of 4 watts 
rating. Above this, almost any size and type 
of resistor or rheostat can be supplied. 

Such a service is unique and backed by 


* Wire wound resistors on porcelain unrivalled experience. Technical advice 
formers that can be pre-set é y 
by adjustable tapping bande to that makes full use of this unrivalled 


precise values. 


experience is freely available. 


EXPAMET and CRESSALL~go together all the way 


These vitreous enamelled resistors 
are robust and capable of 
withstanding extremes in adverse 
conditions of operation. 


The Electrical Division of 
The Expanded Metal Company Lid. 


LONDON OFFICE: 16 Caxton Street, London, 8.W.1. Telephone: ABBey 7766 
WORKS: Stranton Works, West Hartlepool. Tel: Hartlepools 5531 


"fhe Cressall Manufacturing Company Ltd., Eclipse Works, Tower Street, Birmingham 19 
Telephone: Aston Cross 2666 
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August 31st this year saw the opening of the 
first Hughes International factory in Britain 
—at Glenrothes, Scotland. 
Here using today’s most advanced machinery and 
manufacturing techniques, Hughes produce first-class 
semiconductor devices for the electronics industry. 
Hughes’ international policy of constant research and development 
is again highlighted at Glenrothes—engineers are already at work 
solving tomorrow’s problems in electronics. 
So, at Glenrothes, Hughes are geared to meet present-day and future 
needs of the British electronics industry. 


Sales enquiries to the London office: 
KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX 
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New Scottish plant produces 
semiconductors around-the-clock; 
operates a full-scale research 

and development programme; 


forms H.Q. for British business 



































HUGHES INTERNATIONAL (U.K.) LTD. 


=e ame ome ome oe owe oe oe a a an 


GLENROTHES : FIFE : SCOTLAND 
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CG OO DM ANS 


VIBRATION EQUIPMENT 


provides the 


COMPLETE VIBRATION 
TEST SYSTEM 


nTRol amPriFiER 
; co - 


mooer £50 


«MODEL E 501 
¢° CONTROL AMPLIFIER 


MODEL PA 1kVA 
POWER AMPLIFIER 


ACCELEROMETER 


MODEL E 503 OSCILLATOR 


Control and Measuring Electronic instrumentation is now an 

essential part of any Vibration Test System. Complete Systems from 

250 Ib to 18,000 Ib thrust or individual units to build up existing MODEL 8/600 

equipment are available. Oscillators with manual or Auto-Sweep VIBRATION GENERATOR 

(to linear or complex laws) control—‘g’ control—Amplifiers—Signal POST THES COUPON for full deteile of the complete ronge of Gosdmens 

Amplifiers—Auto Stroboscope units form part of a comprehensive Vibration Equipment. 

range of units which are available in Case or ready for Rack GOODMANS INDUSTRIES LIMITED 

mounting. Complete Racks or Consoles to specification. Axiom Works, Wembley, Middlesex, England. 
Please send me a copy of your Vibration Equipment ( atalogue 


Whatever your vibration problem, whether fatigue, torsional or flexure testing or structural 


smvestigation, consult the Vibration Specialists first. 
NAME 





ADDRESS 











GOODMANS INDUSTRIES LIMITED, AXIOM WORKS: WEMBLEY - MIDDX - ENGLAND 
Telephone: WEMbiey 1200 (8 lines) Cables: Goodaxiom, Wembiey, England. 
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Special plant? Not necessarily. In many cases normal compression moulding will do. Here is a material with 
outstanding qualities and a tremendous potential. Write for further details. 
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HEWLETT PACKARD 


NEW CONCEPT ee M fay 
' OSCILLOSCOPE 


pons 


for pulse analysis of fast circuits in the millimicrosecond region 


- —. 





The new H.P.185A 500 M/c Oscilloscope clearly 
presents fast circuit information never before available 
and yet is as simple to read and use as a conventional 
broadband instrument. By a “sampling technique” of 
translating the input signal to a much lower frequency 
the HP.185A slows down the motion sufficiently to 
provide a clear, bright, large-screen presentation. 
With the new improved probe design the oscilloscope 
is useable up to 1000 M/c’s-and response is flat within 
3db to at least 800 M/c’s. 

The HP.185A provides computer, radar, and semi- 
conductor research engineers with facilities to: 





* Analyse millimicrosecond pulses 


* Measure transistor response time 








* Make fractional millimicrosecond time 
comparisons 


* Measure diode switching time 

* Determine pulse jitter 

* Make permanent X-Y plots 

* Measure memory-unit switching 
* Measure uhf voltage amplitude 


THE HP.187A DUAL TRACE AMPLIFIER plug-in unit pro- 
vided permits observation and comparison of two high speed signals 
simultaneously, or comparisons of time, duration and spacing. The 
amplifier has a wide dynamic range of 3 mv to 2 volts peak; each 
channel has an independent sensitivity control calibrated to +5%. 


For full information please write or phone: 


LIVINGSTON LABORATORIES LIMITED 


RETCAR STREET - LONDON .- N.1I9 Telephone: ARChway 625! 
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10,000,000 
to | 


continuously 
variable Range of 
Square Pulse Width 
Delay and Rate 











@ SINGLE OR DOUBLE PULSES of either polarity. 
@ FAST RISE TIME—10 to 12 mysec independent of control settings over a range of 20mV to 2V. 
@ AMPLITUDE—Accurately calibrated within 2%—20mV to S50V. 
@ NEGLIGIBLE RINGING, OVERSHOOT, JITTER and NO SAG. 
@ INTERNAL RATE GENERATOR—0:Ic/s to 1Mc/s. 
@ EXTERNAL TRIGGERING up to 2:5Mc/s from any wave form. 
@ SINGLE PULSE or PAIR OF PULSES by push-button. 


All these features make} the NAGARD 5002 the most versatile 
PULSE GENERATOR iavailable today. The diagram below represents its output. 








You can now visualise some of 
its many applications, for 
example :— 


TRANSISTOR CIRCUITRY — the 
testing of response characteristics, 
particularly in computer applications. 
COMPUTERS and all devices SINGLE 

depending on gating circuits can be MAI PULSE 
tested for response times. 


PULSE GROUP GENERATOR— -— 1 
TYPE 510! 


This instrument added to the 5002 “hs 
Pulse Generator produces groups of = 
pulses which can be varied over a 
wide range of group rates and A. O-2y SEC. 

numbers of pulses per group—ask B. 2OVOLTS +ve OR ~ve 


for Data Sheet No. 3600. C. RISETIME O-O35p SEC 
£ } O-2wsec TO 2SEC. CONTINUOUSLY VARIABLE * 5% > O-O2pSEC. 


TO > 7 ARIA +ve OR — 
To get the best results . pe 07 pe 
° ° H RISETIME 1O-i2mpSEC. 20mv TO av. IDENT 
use it with a NAGARD REPETITION RATE CONTINUOUSLY VARIABLE ©.1c/s TO IM c/s SY BY INTERNAL GENERATOR, 


OSCILLOSCOPE OR TO 25Mc/s BY EXTERNAL TRIGGER SOURCE. 



























































NAGAR f] 18 AVENUE ROAD - BELMONT -° SURREY 
| Telephone: ViGilant 9161-2 
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oe Alcomplete 50 c.p.s. Servo Unit by WALTER JONES 
o THE es 


a comprehensive range of 2 phase 50 c.p.s. servo motors, 30, 40, 60, 90, I10, 
150 oz. inches stalled torque. Designed to comply with joint Services’ requirements 
for shock, vibration and climatic conditions. Class F. insulation. 


THE TACHOMETER 
Suitable induction or d.c. tachometers can be supplied. 


THE GEARBOX 
Manufactured and fitted to suit your specification. 


THE CONTROL BOX 


Magnetic Amplifier, 150 watt output. 50 cycles, half-cycle response amplifier having a 
substantially symmetrical output wave by which the 90° phase relationship of the controlled 
and reference phase currents of the servo motor is maintained throughout the full 

range of output. 

The amplifier is designed to give an output torque from zero up to 150 oz. inches in both 
directions by change of control signal polarity. 

The control may be either direct current or 50 c.p.s. alternating current, since the 

amplifier is of the half-cycle response type. 

Single stage ee oe a direct current control for full operation of 60 mA 

from a source Fag 
age gee Ao control current of 2.5 mA from a source of 
500 ohms for full output. 

Three stage amplifiers are available when required for operation from signals of 
micro-ampere level. 

Designers and manufacturers of everything electrically rotating in the small power field. 


Servo Motors: Converters and Invertors: 
Frequency changers: 
Rotary Transformers: 
Tape recorder motors: 
High-speed motors: 
Synchronous motors: 
DESIGNERS & MANUFACTURERS OF Single and polyphase induction 
motors: 


Geared motors and gear units: 
Power and audible frequency - 
amet P Speed and frequency error correctors: 
otor-driven geared interrupters for 
a oe Special research and laboratory 
¢ trains 


WA LTER J 0 N ES & GO. (engineers) LTD. Newiends Park, Sydenham, London, $.B.26. Sydenham 6264-3-6 
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IF PRESSURE IS A 
HAZARD—+too high or too 
low—in the aircraft's 
hydraulic system, Honeywell's 
11SM3-T switch will flash 

a warning light or trigger an 
alarm. Chosen first among 
many for the Therma! Control 
Ltd Pressure Switch, it 
completely satisfies 

BS Specification G.100 
Measuring only %" x 5" x ‘4° 
it performs repeated switching 
within a plunger movement 

of only -004". 


FAST PRODUCTION ON 
TAP—and 9 Honeywell 
switches help to achieve it 
automatically. In the 
Coventry Gauge and Tool Tap 
Grinding Machine they 
sequence every stage of 

a complex tap grinding cycle, 
and prove their lasting 
precision despite environ- 
mental conditions. They are 
impervious to oil spray... 
have a closely controlled 
switching action ...retain 
high repeatability necessary 
for correct machine 


ioe the sure way 
| to speed 


Honeywell Micro Switches 


Honeywell micro switch achievement moves higher 
and deeper ...into the air where failure could 

mean disaster ...into machines that take 
automation deeper into British industry. 

And throughout, these snap-action devices prove 


o———— eso oe —_ -: oO OO I 


WRITE OR SEND THE COUPON TODAY 


Honeywell Controls Limited, 
Ruislip Road East, Greenford, 
Middlesex. Waxlow 2333. 


I am interested in Honeywell 
Micro Switches for 


(state application) 
Please send technical literature to 
Name 

Company 


Position_............. 


Address 








Branch offices in principal towns and cities 
in the United Kingdom and throughout 
the world. 


ee ee ee ee 
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their precision and long life, their 

robust construction that withstands all climates, 
all operating conditions. Honeywell have 
twenty-seven years’ experience of making 
performance-packed switches. The range now 
includes 12,000 different types — most have 

a life in excess of one million operations. 

They offer the ultimate in electrical and 
mechanical versatility to all who require 
uniquely reliable switching circuits. 


C.S.A. approved. 


Honeywell 


—_————~ 
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Truing the hairspring 
of a moving coil meter 
to ensure linearity 

of scale shape 

requires a dedicated 
hand. It is typical of 
the skill and metic- 
ulous care that goes 
into the making of 
measuring instruments 
by Pullin. First-class 
designing, precision- 
made components, 
precise and delicate 
assembly, accurate 
testing. In a word 

— PULLIN 


Pullin for precision 


MEASURING INSTRUMENTS (PULLIN) LTD. 


on s ELECTRIN WORKS, WINCHESTER STREET, LONDON W3. ACOrn 4651 & 8801 
London Showrooms : Electrin House, 93-97 New Cavendish Street, London W1. LANgham 4551-6 
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WESTOOL 


A.C. AND D.C. 
SOLENOIDS 





al No Postage 
: Postage Stamp 
will be necessary if 
: ted in 
paid by the t. Britain 
Addressee or Northern 


POST TOD Ireland 














FOR FULL 
DETAILS— 


POSTAGE PAID BUSINESS REPLY CARD 
Licence No. B.H.K. 15 














See Overleaf 


WESTOOL LTD., 
ST. HELEN’S AUCKLAND, 


BISHOP AUCKLAND, 
Co. DURHAM. 
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A.C. and D.C. Solenoids 

Warner Electric Brakes & Clutches 
Transformers & Chokes 

Coils 

Coil Winding Machines 

Small Motors 

Electronic & Amplifier Control Gear 
Westool Elcotron Eddy-Current Couplings 
Sparkless Switch 

Potential Indicators 

Air Conditioners & Dehumidifiers 


OOO 


wESTOOL 


' | 
Laan 


For technical literature, 
place a tick against those 
products in which you 
are interested. Complete 
name and address details 
below and pest—no stamp 
is needed. 


JOOOUOO 


|. 
+ J 


C 


mR. 


NAME & ADDRESS OF COMPANY 
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CIRCUIT MAGNIFICATION: METERS 


The ‘Q’ Meter Model T2 is a reliable instrument 
for making measurements of circuit magnification, 
inductance, capacitance and power factor at 
frequencies between 100 kc/s and 100 Mc/s. 

The variable-capacitor control has three 
calibrated scales which greatly simplify the 
calculations of inductance and impedance. 

A comparison facility is incorporated to enable 
batch testing by unskilled personnel. 


Model T2 net price in UK. £75 


Full technical details of Leaflet No. M44 


Advance COMPONENTS LIMITED 


Se ee 
ROEBUCK ROAD + HAINAULT * ILFORD » ESSEX * TELEPHONE ! HAINAULT 4444 
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INTERKAMA 


STAND NO. 
B2025/6/D 


* Direct reading of ‘Q’ Range 10-400 
%& Frequency Range 100 kc/s - 100 Mc/s 


% Rapid calculation of ‘L’ and ‘Z’ by 
scales incorporated 


* ‘Q’ Comparison 
* “%,Q’ Range + 10% 
* No ‘Set Zero’ problem 


by 





STANDARD INDUCTORS. TYPE LSI 
Consisting of 12 coil units covering inductances from 0.1 wH to 30 mH 
for use with the Advance ‘Q’ meters. Individually calibrated, these 


coils are ‘standards’ for the laboratory. 
Set of 12 Inductors in carrying case £45 Os. Od. net price in U.K- 


Full technical details in leaflet No. MSS 


ITGO72 
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EDISWAN MAZDA U381 


The U381 is a half wave rectifier, giving a maximum output 
current of 110 mA, for use in radio receivers and audio ampli- 
fiers with series connected heaters. 

Heater Current (amps) I, 0.1 
Heater Voltage (volts) Vi 38 
PRELIMINARY RATINGS AND DATA 


Design Centre Ratings 


Maximum Anode Voltage (volts) V a(max) 250 
Maximum Peak Inverse Voltage (volts) PIV (max 700 
Maximum Heater to Cathode Voltage 

(d.c. + a.c. pk: cathode positive) (volts) — Vi-kcnax) 550* 
Maximum Mean Anode Current (mA) 110 
Maximum Peak Anode Current (mA) ecilinsion 660 
Maximum Reservoir Condenser (,F) 100+ 
Minimum Surge Limiting Resistance 

(Absolute Value) (ohms) Riimmin) 90 


*Measured with respect to the higher potential heater pin 
tMaximum tolerance + 80% 
{When using a reservoir condenser of 100 ,F + 80% with anode 
voltage 250 V rms. 
TYPICAL OPERATION 


Input Anode Voltage (volts rms) — Vajrms) 110 220 250 





Output Load Current (mA) I, 110 110 110 

Reservoir Condenser (,F) 100 100 100 

Surge Limiting Resistance (ohms) Rum» 0 90 100 

Rectified Output Voltage (volts) Ven iz: 2s 2 

Maximum Dimensions (mm) Characteristic curves of Ediswan Mazda Valve Type U381 
Overall Length 67.5 
Seated Height 60.5 
Diameter 22.2 HALF WAVE RECTIFICATION REGULATION 


; CURVES TAKEN WITH I00yF CONDENSER 
Mounting Position: Unrestricted 


Base: B9A (Noval) 





VIEW OF FREE END 


Characteristic curves of Ediswan Mazda Valve Type U381 


ee ~ a oe fer f 
| 


D.C. OUTPUT VOLTAGE - VOLTS 


= 





D.C. OUTPUT CURRENT ~ MILLIAMPS 


ANODE CURRENT -MILLIAMPS 


EDISWAN 


MAZDA 


Associated Electrical Industries Ltd 


Radio and Electronic Components Division 
Technical Service Department, 155 Charing Cross Road, London,W.C.2 
Tel: GERrard 8660. Telegrams: Sieswan, Westcent, London 


CRC 15,81 
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ANODE VOLTAGE - VOLTS 
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accuracy and stability for vision 
circuit testing 


For the really effective testing of vision 
circuits the Video Oscillator Type O22B 
provides an input signal that is exception- 
ally accurate and stable. 


The accuracy of calibration is, in fact, 1°, over the 
frequency band 10 kc/s to 10 Mc/s, whilst the ampli- 
tude remains constant to within + $ dB throughout 
this frequency range and is independent of variations 
in mains voltage and range setting. Thus the necessity 
for resetting the reference level no longer exists, and 
instead a means of measuring the load impedance by 
the reading on the output voltmeter is provided. 

The total harmonic content of the output waveform 
of this high quality Oscillator is less than 1%. These 
standards of performance in a compact, portable piece 
of equipment explain why the Wayne Kerr Video 
Oscillator Type O22B is so widely used by the G.P.O., 
B.B.C. and throughout the television industry. 

The Wayne Kerr Video Oscillator is fully described in 
Information Service Leaflet AO 22B, copies of which are 
available on request. 


THE WAYNE KERR LABORATORIES LTD., 
Sales and Service, 44 Coombe Road, 
New Malden, Surrey. i, 


inc aeicalh ao eoatrta Video Oscillator 022B 
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dA20 


— at £178 ex works, 





the only 100 kc/s 
digital counter 
offering so many 
features for your 
money 





What makes a down-to-earth engineer say: | 


 scally dant low hou we ore 
managed without one! 


For all its compactness and portability, the SA.20 combines high RELIABILITY . 

performance and accuracy with quite surprising versatility and ver ptastdeue 
simplicity in use. 

Thus, once introduced into a laboratory or production unit, it very UIG RAM | yy cists only 32 Ibs. Measures 
quickly earns its keep and its popularity. Its three main functions will 


Easily usable as tacho- 
meter, with magnetic 
or phocro-electric 
transducer. 


suggest many applications: These are :— 

1. Frequency measurement from 10 c/s to 100 kc/s. ADAPTABILITY: 

2. Period and time interval measurement from 10 microseconds to 1 second. 

3. Regular or random pulse counting and totalising. THRILTIMMee + | count + 005% 
Write for full specification. 





RACAL in STRUMENTS Se FAS 
WESTERN ROAD, BRACKNELL, BERKSHIRE. Tel: Bracknell 941 Grams/Cables: RACAL BRACKNELL BERKS 
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a. 


Photograph by courtesy of de Havilland Aircraft Company 


... Wise Engineers 


increase reliability and 
reduce maintenance frequency with 


HRocol Moltybdenised lubricants 


Plating tough, wear-resistant molybdenum-disulphide on to all bearing surfaces, 
Rocol Molybdenised Lubricants stay in action when other lubricants fail, 
easily coping with extremes of temperature and pressure. Available as a paste, 
grease, or Oil in a wide variety of convenient packs including handy tubes and 
aerosol sprays. 
Find out more about Rocol Molybdenised Lubricants. Write today for technical 
details — or advice on your particular problem. 


% Rocol Molybdenised Lubricants are used and solely recommended on the 
following applications for all series of Comet 4 aircraft: Emergency changeover 
mechanism, Elevator universal joints, Screw jack of elevator gear change unit, 
Elevator and rudder trim screw jack, Elevator trim mechanism, Rudder trim 
gearbox, de-icing mechanism. 


... USE Rocol MOLYBDENISED LUBRICANTS 


ROCOL LIMITED 
General Buildings, Aldwych, London, W.C.2. Tel : HOLborn 1985 
. Rocol House, Swillington, Nr. Leeds. Tel: Garforth 2261 
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CAMERAS FOR OSCILLOSCOPE 
AND HIGH-SPEED PHOTOGRAPHY 





J.L.T. Recording Cameras are essentially precision 
SERIES 100 \ made and will produce results of the highest quality. 
OSCILLOSCOPE p 
CAMERA They range from the single shot camera using roll 
film, to a high- d f din 
This camera, which is intended \ a cee ae Oe aebeTeNG 


for single shot operation, is of 150,000 pictures per second on a 5” x 4’ plate. 


simple construction and will Special features include exposure indicator and/or 
produce excellent photographic footage counter according to model, and the ability 
records. It uses 35 mm. film in i mae : 
standard reloadable cassettes, which to use readily available sensitized materials. 
hold enough material for 40 The lenses supplied with J.L.T. cameras have been 
exposures. It is supplied with a 2” \ specially computed for use in recording cameras 
focal length lens with a choice of four d will i 
apertures: f/1, f/1-5, f/1-9, and £/3-5. an produce an image of the greatest clarity. 
\ We can supply hoods for Series 100, 200 and 400 / 

cameras enabling them to be used with most makes 
SERIES 200 PAN seh et 
OSCILLOSCOPE CAMERA \ eee / 


Combines the facilities of single shot and 
continuous feed recording. The motor is \ 
housed in a separate unit and connected to 
the camera by a flexible shaft. 
All operations are electrically 
initiated. Standard 35 mm. 
film (or paper) is used in 
cassettes containing 50 ft. 
Film speeds range from 
I in./sec. to 7§ in/sec. 
It is supplied with a 2” 
focal length lens with 
a choice of four 
apertures: f/1, f/1-5, 
f/1-9, and f/3-5. 
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instruments 
for 





SERIES 400 


OSCILLOSCOPE CAMERA 


The Thompon-Land single shot camera incor- 
porates a Polaroid-Land Fast Processing Unit, 
which enables a photographic record to be : : 
available in 60 seconds after exposure. | 


It uses a Polaroid-Land roll film and as all pro- : 


« 


cessing takes place inside the camera, no darkroom 
is necessary. The standard lens has a focal length of 
3”, and an aperture of f/3-5. 


SERIES 600 


RECORDING CAMERA 


The Courtney-Pratt High-Speed 
Camera is of the image sampling 
type, and will record pictures at 
taking rates from 1,000 to 150,000 
per second. It uses a standard 5” 4” 
photographic plate on which 300 
pictures. can be recorded. The 
effective aperture is f/6-3 and the 
mechanical shutter has a range of 2 
to 19 milliseconds. 








J. LANGHAM THOMPSON LTD. WTji— 


BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: BUShey Heath 241! (6 lines) - Grams and Cables: “Tommy Watford” C25 


GROUP 
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NAVIGATIONAL AND 
SURVEY EQUIPMENT 


id re a 
ae 
INSTRUMENT CENTRE” 
F 
SA AARNE MEER ee OPHTHALINE INSTRUMENTS 
20 QUEEN ANNE STREET, LONDON, WI.’.\ 
WON 








LABORATORY MEDICAL 
AND X-RAY APPARATUS «@ 


The specialised knowledge and advice of 160 \ \ ‘% 
\ 





British Manufacturers of Scientific Measuring \ \ 
Instruments are available to you through this ‘ \ ii 
one source. \ ‘ 
Telephones: \ \ KINEMATOGRAPH AND 
or \ ALLIED INSTRUMENTS 
Technical Enquiries - IMPerial 6000 \ 
Secretarial Enquiries - LANgham 4251 \ 
\ 
Space donased by \ —— a 


\INSTRUMENTS FOR PROCESS 
MULLARD EQUIPMENT LIMITED CONTROL AND AUTOMATION 


SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION 
OF GREAT BRITAIN 
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“The difference 


is unbelievable”’ 


Here are extracts from two letters, 
just received: 

R.T.C.W. & Co. of Birmingham write:- 
“The difference between the standard 
transformer supplied by the maker and 
the component supplied by you is just 
unbelievable and many favourable com- 
ments have been passed by the critical 
public.” 

D.M. of Toronto, Canada writes:- “I 
would like to express my appreciation 
for the interest you have shown in this 
matter, from start to finish. It is reassur- 
ing to see in this impersonal age of rush 
leading nowhere in particular, that pride 
in honest craftsmanship is not altogether 
dead yet. I think your product proves 
this point.” 

; We are happy to know that our business 
a eats fom, ina: friends appreciate the thought and care 
100 volts 800-2000 cycles per which go into the construction of a 
second, output 20 kilovolts at $ . 
IKVA. Savage Massicore Transformer and it 

encourages us to continue to make 
quality our first consideration. 


If you have a transformer problem, however 
complicated or simple, write to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 


Teil: Devizes 932 
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PAINTON 
PLUGS AND SOCKETS 


The versatility and ease of 
assembly of the MULTICON 
Range of Plugs and Sockets 
mean they are universally speci- 
fied by Engineers and Designers 
when multiway connectors of 
complete reliability are 
required. Sizes from 2 to 33 way 
are available fitted with 
mounting brackets or covers. 
Locking devices and earth tags 
are available throughout the 
range. 


Current Rating: 5amps. Working 
Voltage: 1,000 volts. Average 
Contact Resistance : 0.002 ohms. 


” 





Write for MULTICON Catalogue PS1/1 











gy) a 


HMéavyg Duty MALTICON and 
Printed Crrcea Wt ranges 
a¢ the same rime 


Painton & Co. Ltd. 


KINGSTHORPE + NORTHAMPTON 
Tel: 34251 (10 tines) - Grams: ‘Ceil Northampton’ 
Telex 31576 
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3 


the constant electrical 


properties of glass 


industry. 


Freeze glass. Boil it. Bounce it. Cover it with dirt. 
Take it ten thousand miles up where the air is rare. 
Bury it deep in the sea. And it still remains itself... 
with a set of electrical properties that remain constant. 


—and the versatility of glass 

The surface of glass can be coated with an electrically 
conducting layer of metal oxide. Glass can be moulded 
into intricate shapes which nevertheless are repro- 
ducible by the million. And glaSs is used to produce 
resistors, capacitors, inductors, printed circuits, delay 
lines and many other components for the electronic 


—in tried and proven products 

There are many glasses available for this work and, 
backed by the vast research and development re- 
sources of the Corning Glass Company of America, the 
glass-based components manufactured and supplied by 
Jobling have been tried and proved before being intro- 
duced to the British electronic industry. Jobling offer 
you all the benefits of these new developments in glass 
for the electronic industry. Why not consult us—even 
at the design stage? Or write for further information. 


JOBLING’'S 


Electrosil 


Regd Trade Mark 


PRODUCTS 


ELECTRICAL SALES DEPARTMENT, JAMES A JOBLING & CO LTD, WEAR GLASS WORKS, SUNDERLAND, 
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Vactric .«.@ Choice can be made froma wide 


selection of miniature precision built, low 
inertia, A.C. Servo motors in International 


AC Servo frame sizes. 


O7, 10, 11, 15, 18. 
Mioctors forexample..... 


size 11 components 


SERVO MOTORS — High acceleration, 
good speed-torque linearity, split control 
phase for series or parallel connection, all 
motors are available with potted stators 
and stainless steel bearings. Wound for 
20 to 180 volts 2-phase 400 c/s or 6 to 35 
volts 2-phase 50 c/s, stall torque 40 gm. 
cm. minimum 








SYNCHRONOUS MOTORS — Similar con- 
struction to the servo motor but with a 
cobalt steel rotor. The synchronous torque 
is 18 gm. cm. minimum and the speed of 
the 400 c/s version 8000 r.p.m. The 50 c/s 
model has a synchronous speed of 1000 
r.p.m. 








MOTOR TACHOGENERATOR—Combined 
unit comprising the standard motor and 
low inertia A.C. tachogenerator wound for 
20 to 115 volts excitation and with an 
output of 0.5 volts/1000 r.p.m. Low resi- 
dual voltage, good linearity, combined 
weight only 7 ozs. 








DAMPED MOTOR — Standard servo 
motor with viscous damping unit, giving 
a braking torque directly proportional to 
velocity — No-load speed can be pre-set 
between 2200 — 5000 r.p.m. + 100 r.p.m. 





BRAKED MOTOR — Incorporating a 
magnetic brake anges for use in high 
‘g’ applications and for use in systems to 
prevent overshoot or movement due to 
vibration of out of balance masses. Contin- 
uously rated 15 volts D.C., energized for 
‘OFF’, 








All units can be supplied with plain shaft 
or with a pinion shaft permitting in-line 
reduction gearheads to be directly 
coupled; reductions up to 1,000,000:1 can 
be obtained with 2 gearheads in cascade. 
All motors are built to Ministry of Supply 
specification EL.1789. 


Rotated (Control Equipment) Limited 


Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
WAP 2380 
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WHY NOT TAKE OUR 
MEASURE?.... 


Parnum Gauges Ltd. did just 
that and used Tectonic 
printed circuits in their well 
known precision measuring 
equipment. 
Why not measure up what 
we can do for you in the way 
Sorting of a printed circuit service. 


Indicator. 


The Parnum precision 
measuring equipment detects 
variations of 0-00001”. Easily 
operated by unskilled persons. 
Tolerance check by visual light 
signals. One or more 
measurements can be made 
simultaneously. Printed 
circuits give stability and ease 
of maintenance. 





Tectonic are equipped to provide a com- 
plete service in the manufacture of printed 
circuits :- 
Design Layout Drawing 
Photography Printing Tooling 
Plating Machining Drilling 
Punching, etc. 
Tectonic Printed Circuits are used in many 
Industries including Nucleonics, Elec- 
tronics, Radio, T.V., Musical Instruments, 
Computers, Machine Tools, Radar, G.W., 
Hearing Aids, Electric Shavers, Railway 
Signalling Equipment, etc., etc. 


TECTONIC PRINTED CIRCUITS 


TECTONIC INDUSTRIAL PRINTERS LIMITED 
WOKINGHAM, BERKSHIRE 
TELEPHONE: 1150-1 


SCOTTISH AGENTS: ELESCO ELECTRONICS LTO 2, FITZROY PLACE. GLASGOW. C.3. 
LICENSEES UNDER BRITISH & WORLD PATENTS 0.G.1.(A.1.0.) APPROVED 
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Observing the fusion characteristics of a sample of coal ash 
in a Johnson Matthey controlled atmosphere platinum-wound 
furnace. 


The Johnson Matthey Model K platinum-wound resistance 
furnaces for use at temperatures up to 1500°C combine maximum 
reliability with long working life and convenience of operation 
and maintenance. They are ideal for many purposes in research 
and industry. 

Technical data sheets describing JMC furnaces for use at 
temperatures up to 1775°C are available on request. 


Information about the properties of the platinum metals and 


Matthey their industrial applications is always freely available. 


JOHNSON, MATTHEY & co. LIMITED 
73-83 HATTON GARDEN, LONDON, g.¢c.t. 


Telephone: Holborn 6989 
Vittoria Street, Birmingham, |, Telephone: Central 8004 75-79 Eyre Street, Sheffield |, Telephone: 29212 
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on-off- 
O11 - Of F— 
on-off — 


20,000 times! 


Whether you export your radio, television or 
audio equipments to Scandinavia or not, SEMKO 
approval of components is important to you for its 
own sake. It guarantees a quite exceptional relia- 
bility and safety. 

The Morganite Type ‘V’ switch is rated at 250 volts 
2 amperes and is therefore one of the highest rated 
SEMKO approved potentiometer switches of 
wholly British manufacture. 


The SEMKO series of tests includes 20,000 opera- 
tions at full load without a single permissible (even 
momentary!) mechanical or electrical failure. 
Compare that with the average 2,000 operations 
per year that a switch gets in actual use, and you 
see what the famous ‘S’ symbol on a Morganite 
switch means in terms of service! Fully complies 
with BSS415 too. 


SEMKO approval for rT “<-> 


Z 


Morganite Potentiometer Switches 7 


MISS 


MORGANITE RESISTORS LTD. 


BEDE TRADING ESTATE - JARROW - COUNTY DURHAM 
TELEPHONE: JARROW 89-7771 


J100A/344 
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Mullard now have available a range of O-type back- 
ward wave oscillators covering operation in the 
S, X and J bands. 


The mechanica! design allows substantial cuts in 
maintenance costs to be effected as the focusing 


system may be re-employed should the valves need 
to be changed. The valves are supplied pre-aligned 
in a protective capsule which automatically locates in 


the focusing system and any replacements may be 


made quickly and easily without need for focusing 
adjustments. Both electro-magnet and permanent 


s 
S C ; a 0 rs magnet focusing systems are available. 


BA16-10 demounted from electro-magnet focusing system 


Where modulation of the valve output is required this 
can be readily achieved by modulating the appropriate 
electrode. The output connection is isolated from the 
delay structure so that the valve may be operated with 
its cathode earthed and consequently high modulation 
frequencies may be used. 
These specialised microwave valves make possible 
the design of wide frequency range microwave instru- 
ments, microwave search receivers and f.m. carrier 
Abridged data systems. Write to the address below for full details 
of these and other Mullard microwave valves. 





Cathode 
Current 
max, 
(mA) 


Frequency | Power Output —.. Sensitivity at 
Range over Frequency | Voltage Range Mid-frequency 
(Ge/s) Range (mW) | (V) (Mc/s per ¥) 





24045 | 3010500 | 15001500} 30 60 
7.0 to 11.5 | 20to 180 | 250to 1400; 5.0 28 
11 to 18 | 10 to 70 | 500 to 2500 | 3.5 


: 


AT MID-FREQUENCY (mw) 
8 


TYPICAL POWER OUTPUT 








10 
FREQUENCY RANGE (G</s) 


MULLARD LIMITED 
diab ides < Mullard House, Torrington Place, London, W.C.1 
INDUSTRIAL VALVE DIVISION Telephone: LANgham 6633 





‘ MVT 383 
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Commentary 


HIS year’s ‘Farnborough Show ’—or to give it its correct 
5 4 the Flying Display and Exhibition organized by 
the Society of British Aircraft Constructors and held at 
Farnborough Aerodrome was the twenty first of its kind 
to be staged by the Society since its first show at Hendon 
in 1932. 

A twenty-first anniversary $uch as this is a convenient 
point to pause for a moment and to reflect on the remark- 
able changes that have taken place in the aircraft industry, 
particularly in the post war years. The rapid development 
in military strategy since 1945 has brought about a com- 
plete change of outlook for the industry. One of the 
principal results of the change of military policy has been 
a considerable reduction in orders for military aircraft, 
offset only partially by orders for guided missiles. 


This loss of Government business has produced a sharp 
reaction within the industry and in order to survive, 
mergers and amalgamations have been the order of the 
day. This process has been accelerated during the past 
year by the creation of a Ministry of Aviation to take 
over the aviation responsibilities of the Ministry of Supply 
and of the Ministry of Transport and Civil Aviation, 
and the stage has now been reached where the British 
aircraft industry consists in the main of two large and 
powerful aircraft manufacturing groups, each with an 
immense background of experience, and _ technical 
resources, and able fully to compete in the world’s 
markets, Not without some justification, therefore, has the 
S.B.A.C. been dubbed the Society of Both Aircraft Con- 
structors. 


But Farnborough is not only the shop window of the 
aircraft industry, it is a demonstration of the ever increas- 
ing contribution made by the electronic industry of this 
country, and this year some outstanding applications were 
on display, particularly in the field of navigation and air 
traffic control. One of these is the automatic landing 
system which was announced just over a year ago*. 
Developed initially by the Blind Landing Experimental 
Unit of the Royal Aircraft Establishment, the ‘Autoland ’ 
system, as it has been called, is now being developed as a 
combined effort on the part of several electronic manu- 
facturers for use in civil airlines. It has now been specified 
for the next generation of Britain's airliners and there is 
every prospect that it will become an_ internationally 
accepted navigational aid. The new strategic freighter air- 
craft of the Royal Air Force—the 100-ton Short Britannic 
—is already being fitted, and it will be the first aircraft in 





* ‘Autoland,’ a Blind Landing System for Aircraft. Electronic Engng. 31, 534 1959 
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the world to be equipped with a fully automatic landing 
system suitable for civil airline use. 


Considerable progress has also been made in the appli- 
cation of computer and data-processing techniques to air 
traffic control necessitated by the increased air traffic 
density at the major airports of the world, and by the fact 
that the amount of information being recorded by radar, 
radio, and other sources is becoming more than the human 
controller can handle in the time available. A computer 
for this purpose is to go into operation early next year at 
the Scottish Air Traffic Control Centre at Prestwick for 
experimental use on the North Atlantic air route in air 
traffic control and the automatic processing of flight 
information. The intention is to investigate the better use 
of air space by new control techniques and smaller separa- 
tion standards, and the improvements to controllers’ traffic 
handling capacity when the routine tasks are performed 
electronically. The computer will maintain an electronic 
file of flight progress information on as many as 
100 aircraft, and will automatically print out flight 
progress strips, identify potentially conflicting paths, 
and indicate overdue position reports. The fore- 
going are but two of the many ways in which elec- 
tronic aids are contributing to the safety of aircraft in 
flight. With the help of a host of magic ‘black boxes’ 
aircraft can take off and land in all but the very worst of 
weather conditions and can find their way with accuracy 
to any quarter of the globe. At all times they can remain 
in communication with the ground and they can ‘see’ the 
weather for miles ahead. 


Yet in spite of all these measures it happens that on the 
rare occasion an aircraft fails and is lost, and it is of 
paramount importance that the reasons should be known. 
One solution to this urgent problem is the development 
of a magnetic tape recorder to be carried in the aircraft 
itself and designed to monitor the behaviour of the machine 
in flight. 

Transducers of various kinds are fitted to the engine and 
airframe so that temperatures, pressures, stresses and other 
vital data can be indicated from the very beginning to 
the end of a flight. The recording equipment itself is made 
sufficiently robust to withstand damage by fire and impact 
so that on recovery is available for analysis. 


As was to be expected, there was little or nothing to be 
seen at Farnborough directly associated with a space 
research programme, although it is known that several 
electronic firms are carrying out their own ‘private 
venture’ research programmes. 
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A Special Purpose 


Analogue-Digital 


Convertor 


By G. C. Henderson*, M.A. 


The analogue - digital convertor 
described here was developed for 
use in a data-processing system 
for the analysis of time-multi- 
plexed telemetry records. From in- 
puts consisting of a non-linear voltage 
analogue of the parameter which 
being measured, a number of calibration 
voltages, and a-train of strobe pulses, the 
convertor derives a binary digital output and 

an analogue output, both linearly related to the 
value, in the required units, of the parameter, 


is 


with automatic correction for overall system gain and 


level drifts. 


(Voir page 666 pour le résumé en frangais; Zusammenfassung in deutscher Sprache auf Seite 674) 


A number of flight parameters are monitored by trans- 
ducers which are calibrated before flight. The transducer 
output voltages are sampled by a motor-driven switch 
and supplied to a modulator, thus producing a _time- 
multiplexed frequency-modulated signal for telemetering. 
A number of known calibration voltages are also supplied 
to the switch; the frequencies generated on these calibra- 
tion, or standards, channels thus correspond to a number 
of precise values of each parameter. In some cases, 
variable-inductance transducers are used, and switched in 
turn into the resonant circuit of an oscillator, to produce 
the frequency histogram. Then a number of fixed calibra- 
tion inductors are connected to the switch, giving reference 
frequencies on these channels. Again, the frequencies on 
the standards channels correspond to precise values of 
each parameter. 

The telemetry receiving equipment detects the time- 
multiplexed f.m. signal. The latter is made to beat with a 
local oscillator to obtain a difference frequency suitable 
for recording on magnetic tape. The tape supplies the 
input to the data-processing equipment, from which it is 
required to obtain a set of punched cards for each channel, 
having the elapsed time for each sample, and the corre- 
sponding data, punched in binary form. An analogue 
output is also required for photographic records and to 
permit monitoring of the channel output during playback. 


The data-processing system analyses one selected tele- 
metry channel at each playback operation, producing a 
voltage proportional to the channel frequency, and holding 
it until the next repetition of the channel. Five calibration, 
or standards, voltages are also generated and held in the 
same way. The occurrence of the selected channel, chang- 
ing the channel data voltage to the new level, is indicated 
by a negative-going strobe pulse, which is used to initiate 
each operation of the convertor. 


* Bristol Aircraft Lid 
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In this and similar systems, errors and non-linearities 
can be introduced as follows : 

(a) The modulator has a slightly non-linear character- 
istic which can be calibrated and for which correction 
can be made, but 

(b) it may suffer from changes in gain and level during 
flight. 

(c) Slight changes in gain and level occur due to varia- 
tions in tape playback speed and in other items of 
the demodulation equipment. 

(d) The transducers used may have characteristics which 
are non-linear, the ratio of maximum to minimum 
gradients within the range being in some cases as 
large as 2: 1. 

The non-linearities (a) and (d) can be corrected by 
using the pre-flight calibrations. Since the standards and 
data follow the same path through that part of the 
system which is suspect, the variations caused by (b) and 
(c) can be taken to apply equally to all the information. 
An accurate analysis can therefore be made, but even 
with the aid of a large digital computer, the analysis of a 
flight record is laborious and expensive. It is also desirable 
that an analysis should be available in the shortest possible 
time. 

The problem was to find the most effective method of 
obtaining the desired output, using all the available infor- 
mation, without resorting to the use of a digital com- 
puter. A number of schemes were considered and rejected. 
One of these, consisting of servo correction of the data 
voltage with reference to the standards, and with lineariza- 
tion provided by a diode function-generator, had to be 
abandoned because of the extremely long time-constants 
involved. The scheme finally arrived at provides an 8-bit 
output correct to within + 1, in 4msec. The setting-up 
required for each channel consists of inserting jumper- 
leads into a plug-board according to the transducer cali- 
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bration, and can be done in two or three minutes. As the 
plug-boards are removable, the setting up can be effected 
while another channel is being analysed. Hence the com- 
puter time thus occupied is negligible. 

The block diagram of the convertor is shown in Fig. 1. 

The principle of the convertor is that of comparing the 
analogue data voltage with a series of successively increas- 
ing voltages controlled by a binary counter and derived 
from a resistance chain which provides interpolation 
between the standards voltages. The registration by a 
voltage comparator of the transition through the point of 
equality produces from the counter a digital output 
dependent on which of the voltage steps corresponds to 
the transition point. The steps of the voltage staircase 
are associated not with fixed voltages but with voltages 
derived from the standards. 

The five standards voltages at the input to the convertor 
are approximately 0, 20, 40, 60 and 80V, being subject to 
individual and collective variations for the reasons pre- 
viously mentioned, up to 5V during playback. The data 
voltage representing the parameter may vary over the 
range —10V to +90V, going outside the range of the 
extreme standards only in exceptional circumstances. A 
strobe pulse is also fed into the convertor marking the 
occurrence of the appropriate data channel. 


Function Generator 

A patchcord system is mounted on the front panel of 
the convertor (see p. 602). A resistance chain, which con- 
sists of 680 equal resistors in series, is connected to the 
pins at the rear of the fixed unit, the junction points being 
numbered on the removable plug-board in half-digit steps 
from — 40 to + 300. Two further resistors connect the 
ends of the chain to negative and positive h.t. lines, so 
that a current of 5mA flows through the chain and the 
potentials at the extremities are about — 10 and + 100V 
respectively. For each channel, a suitable choice is made 
of the relationship between parameter range and the digital 
range such that the full parameter range lies within the 
numerical range 0 to 255. The relationship will then be 

p=An+B8B 
where: p = parameter, in the required units, 
n = digital value, 
A and B are constants, 
and it will usually be convenient to arrange to have A 
integral, or a rational number. 

Each standard now corresponds to a fixed digital value, 
from the transducer calibration curve. The standards 
voltages, which are supplied by low output impedance 
amplifiers, are available at points on the plug-board and 
are impressed on the resistance chain at the selected 
numbers by jumper lead connexions. 

In order to increase the accuracy of fitting of the 
resistance chain potentials to the transducer calibration, 
a set of four intermediate auxiliary standards, with volt- 
ages midway between each pair of adjacent standards, 
are generated. Two external auxiliary standard voltages 
are produced to provide facilities for extrapolating from 
the standards, in case the data voltage should go outside 
the standards range. With certain restrictions, each 
auxiliary standard represents a precise value of the para- 
meter, and hence can be assigned a digital value. These 
voltages are also connected by jumper leads to the appro- 
priate point on the plug-board. This process sets up the 
resistance chain so that the correct output number can be 
obtained by finding the point on the chain at which the 
voltage is equal to the data voltage. 

The remainder of the convertor is used to sample the 
voltages on the chain and compare them with the data 
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voltage until it finds the point of equality. A further 
approximation is made here, in that the convertor samples 
only 17 equally spaced points on the chain, and makes a 
linear interpolation between these potentials to give 256 
separate levels. 

The possible error in the output number due to the 
approximations in the function generator is less than 
+ 0-25 per cent of full scale with the most non-linear 
transducer calibration curve encountered so far. 


The Sampling Switch 
Seventeen outputs are taken from the resistance chain 
to an array of diode gates constituting a two-pole 16-way 
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electronic switch. The outputs are taken from the points 
0, 16, 32....256 at 16-digit intervals. 

There are two sets of diode gates, 16 in each set. Each 
set has a common output point, one of these points being 
connected to the input of unity gain amplifier (u.g.a.) A, the 
other to the input of u.g.a. B. One and only one gate in 
each set is open at any time, making the voltage at the 
common output point equal to the input voltage of that 
gate which is open. 

The corresponding gates in each set are operated by a 
set of 16 gating valves, the m‘™ of which is shown in 
Fig. 2. The grid of the valve is connected through resis- 
tors to each of the four stages of a binary counter, which 
will be described later. The valve is cut off only if all the 
outputs to which it is connected are low (for the m™ gate, 
this occurs for a counter state of m-1). Otherwise, the 
valve conducts and the anode potential is some 50V below 
earth, when all the gate diodes are biased off. When the 
valve is in the cut-off condition all four diodes conduct. 
The voltages at the points 0, 16...... vary by less than 
20V from channel to channel, and the current in Ra can 
be estimated for the period when the m“ gate is open. 
The Ram are chosen to conduct about twice this current 
so that approximately equal currents flow through the two 
diodes, making the potential drops across the diodes equal. 
The Rem are similarly chosen. 

The gates associated with u.g.a. A are connected to 
the resistance chain at the points, 16, 32...... 256, and 
those associated with u.g.a. B at 0, 16...... 240. Pairs of 
gates are opened in ascending sequence by stepping 
counter A. Thus the output of u.g.a. A is always one 
step above that of u.g.a. B. 

All the unity gain amplifiers used are feedback ampli- 
fiers (Fig. 3) consisting of a long tailed pair, a grounded 
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Fig. 3. Unity gain amplifier 


cathode amplifier and a cathode-follower in cascade. The 
gain is constant throughout the range at about + 1-0005, 
which is sufficiently close to unity for all these applica- 
tions. The circuit has the necessary low output imped- 
ance, high frequency response, and good drift character- 
istics. 


Counters 

Counter A consists of four bistable multivibrator stages 
which will count from 0 to 15 at up to 12kc/s p.r.f. The 
two triodes of each stage share part of their anode load 
and the stage is triggered by applying a negative-going 
pulse to the point at which the anode loads divide’ (see 
Fig. 4). 

Each stage of the counter is connected to a pair of 
buffer amplifiers which have positive feedback to ensure 
fast operation. The anodes of these buffer amplifiers are 
connected to the gating valves by a resistance matrix so 
as to cut off only one gating valve for each state of the 
counter. 

The bistable stages of counter B (see Fig. 4) are similar 
to those of counter A, but only one anode of each stage 
drives a buffer amplifier. The anode potentials of the latter 
are approximately — 100V in the O-state and + 240V in 
the 1-state. For each buffer amplifier, two diodes are con- 
nected in series in the high resistance direction across the 
outputs of u.g.a. A and u.g.a. B. A resistor connects the 
junction point of each diode pair to the associated buffer 
anode. These junction point potentials are thus limited 
to the output voltage of u.g.a. A for an associated binary 
state of 1, and to the output voltage of u.g.a. B for a 
0-state. Making the assumption that the small potential 
drops across the conducting diodes are constant over the 
voltage range, the outputs of the two unity gain amplifiers 
are slightly offset from the inputs, so that the voltages to 
which the junction points are limited are actually the 
voltages at the inputs of the unity gain amplifiers. 

Each junction point is connected through a resistor to a 
common adding point. The resistors are in the ratio 
1:2:4:8, resistors of higher value being associated with 
less significant binary stages. A resistor equal to the 
largest of these connects the adding point to the output 
of u.g.a. B. The voltage at the adding point is then equal 
to the input of u.g.a. B plus a fraction of the voltage 
difference between the u.g.a. inputs, this fraction being 
one-sixteenth of the number in counter B. The adding 
point is the input to unity gain amplifier C which repro- 
duces the adding point voltage at low output impedance. 


Control Circuits 

A number of systems are available for controlling a 
scaling unit consisting of binary stages. For high-speed 
operation it is preferable to proceed by successive approxi- 
mations from the most significant stages to the least sig- 
nificant, so that a result is achieved in a number of steps 
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equal to the number of binary stages. The voltage gene- 
rated by such a system takes both positive and negative- 
going steps, and this was not considered desirable here. 
It was originally intended to use a 10kc/s multivibrator 
to supply pulses to the counters, giving up to 255 
steps. However, with a small amount of additional 
circuit complexity it proved simple to cut this number to 
about 34, and it was decided to retain these additions 
against any possible future requirement for faster opera- 
tion. Each counter is operated by its own pulse generator, 
which is switched on and off as required by the operation 
of two voltage comparator circuits. 

The pulse generator is a multivibrator circuit with one 
of the grid resistors returned to positive h.t. while the 
other is connected to the anode of a switching valve. The 
switching valve has two states—cut-off and heavily con- 
ducting. In the latter state the anode potential is low, pro- 
ducing a stable state of the multivibrator. When the 
switching valve is cut off the anode potential rises to posi- 
tive h.t. and the multivibrator becomes astable, giving a 
square wave output at 12kc/s p.r.f. approximately. 

The output of the multivibrator is taken from that 
anode which is at high potential in the stable state. This 
ensures that the multivibrator emits no further negative- 
going pulses after the switching valve is bottomed. This 


Fig. 4. Counter A: divide by 2 stage with associated output circuits 
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Fig. 5. Voltage comparator 
* Resistors marked thus are 4W high stability, all others {W,10 per cent 
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output is fed through a capacitor to the first stage of the 
associated counter. 

The grid of switching valve A is connected through 
resistors to one output of comparator A and to the output 
of a delay circuit. Only when both input voltages are low 
will the valve be cut off, allowing pulse generator A to 
operate. 

The grid of switch B is connected to one output of 
comparator B, to the same delay circuit, and to the output 
of comparator A opposite to that used for switch A. Pulse 
generator B will only operate when all three inputs to 
the switch are low. 

The inputs to the comparators consist of the data 
voltage and a staircase-function voltage from u.g.a. A 
or C. 

The output stage of the comparator is a grid-controlled 
bistable multivibrator. One grid is taken through a diode 
to the output of a delay circuit; pulses derived from the 
delayed strobe pulse are used to reset the comparators. 

The multivibrator is said to be in the ‘off’ state immedi- 
ately after reset. The other grid is taken through a diode 
to the output of a three stage difference amplifier. This 
point is at high potential if the data voltage input to the 
comparator exceeds the staircase voltage input. The output 
potential goes low as soon as the staircase voltage exceeds 
the data level. This immediately changes the multivibrator 
to the opposite, or ‘on’ state. Because of the diode on this 
grid, the multivibrator can only be returned to the ‘off’ 
state by resetting. 

That output of each comparator which is low in the 
‘off’ state is connected to the corresponding switching 
valve. The other output of comparator A, which gives the 
opposite sign of output, is connected to switch B. In con- 
junction with a delay circuit, the comparators control the 
operation of the pulse generators as described above. 

Three delay circuits are used to control the operation of 
the main part of the system. Each consists of a mono- 
stable multivibrator preceded by an amplifier. The input 
is the negative-going strobe pulse, which initiates a large 
amplitude positive pulse at the output of the multivibrator. 
The amplifiers serve to isolate the delays from each other 
and provide pulses of nearly constant amplitude for 
reliable triggering of the multivibrator stages. 

The pulse durations of the counter and comparator reset 
delays are respectively 200 and 400usec. In each case the 
multivibrator pulse is differentiated; the positive pulse 
is passed to earth via a diode, leaving a negative pulse 
output suitably delayed with respect to the strobe pulse. 
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The counters and the comparators are reset by these 
pulses via a diode on each counter stage and on each com- 
parator multivibrator. stage. 

In principle, both resetting operations could be effected 
at once, using one delay circuit, but in practice it was 
found difficult to make the counters reset instantaneously 
from certain states. Such a failure would turn both com- 
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Fig. 6. Switch A and pulse generator 





-250V -100V 
parators on again, without either pulse generator operating, 
resulting in a spurious output of ‘zero.’ The solution 
adopted proved to be the most satisfactory. 

The ‘pulse generator inhibit’ delay has its output con- 
nected via resistors to the grids of the switching valves, 
so that for the duration of the delay, both pulse generators 
are held in the quiescent state. This allows all resetting to 
be completed before counting commences, some 600usec 
after the occurrence of the strobe pulse. 


Carry Facility 

It is necessary in this system to include a carry facility 
such that if counter B has counted to 15 without trigger- 
ing comparator B, then a further pulse from generator B 
sets counter B to zero, and simultaneously increases the 
number in counter A by one. This caters for data in the 
interval between the potentials corresponding to two such 
numbers. 

Also, due to the attenuation of high frequencies by the 
limiters and adding network, the output of u.g.a. C follows 
rather slowly the comparatively large steps produced by 
the operation of counter A. Hence it is desirable that 
comparator B is always triggered by one of the smaller 
counter B steps. 

To achieve this, comparator A is set up so that it will 
come ‘on’ when the staircase voltage gets within about 
a volt of the data input level. Thus if the final number in 
counter B is 0, 1, or 2, then pulse generator B has given 
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16, 17 or 18 pulses respectively, and the carry function 
has operated. 

It is not possible to inject a carry pulse from counter 
B directly into the first stage of counter A, as the normal 
operation of pulse generator A would also affect counter 
B. A negative-going transfer pulse from the last stage of 
counter B is fed via a capacitor to the grid of switch A, 
large enough to override the signal from comparator A. 
The switch valve cuts off momentarily, and generator A 
gives out a single pulse to counter A. 


Sequence of Operations 

The sequence begins with the occurrence of the strobe 
pulse. This initiates the delays. The pulse inhibit delay 
prevents both pulse generators from operating regardless 
of the comparator states. At the end of the appropriate 
delay both counters are reset to zero. Subsequently both 
comparators are reset to the ‘ off” state. 

If the signal is at a voltage level corresponding to a 
digital output of zero, both comparators will at once 
return to the ‘on’ state. If the signal is above the zero 
level but below the level corresponding to an output of 
about 19, comparator A will immediately go back to the 
‘on’ state. 

Then at the end of the pulse inhibit delay: 

(a) If both comparators are ‘on’, neither 
generator will start. 

(b) If comparator A only is ‘on”, pulse generator B 
will start and continue to operate until compara- 
tor B goes to the ‘on’ state. 

(c) If both comparators are ‘ off’ pulse generator A 
will run, the inputs to the comparators consisting 
of an increasing staircase voltage, until compara- 
tor A is turned ‘on’. Pulse generator B then 


pulse 


Starts, causing the input to comparator B to in- 
crease in a series of comparatively small steps, 


until comparator B is turned ‘on’, when pulse 
generator B is stopped. 

In each case the number consisting of the eight binary 
digits in the two counters is the appropriate output for 
the particular strobing period. This number is held in 
the counters until they are reset to zero following the 
next strobe pulse. 

It is possible, due to the occurrence of unexpectedly 
large swings of the parameter value, that data voltage 
levels which are outside the range of voltages between 
the extreme diode gate inputs may be supplied to the 
convertor. It is of course essential that these should not 
cause spurious readings from the equipment. 
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Fig. 7. Test equipment 


If the data level is below that of the lowest diode gate 
input, the number zero is read out. However, if the data 
level were at the opposite extreme, one or both compara- 
tors would remain indefinitely in the ‘ off’ state, and the 
output number would be changing throughout the read- 
out period. It is desirable that such a data level should 
be represented as 255. It is possible to ensure this by the 
inclusion of suitable gating circuits, but a simpler if less 
elegant method is used here; the voltage supplied as data 
to the comparator is prevented by a diode circuit from 
rising above the voltage at the point 255 on the patch 
panel. 


Output Circuits 

The outputs from the convertor consist of the eight 
digital outputs which follow the number in the counters, 
and an analogue voltage proportional to the digital out- 
put. The analogue output is supplied by an analogue 
memory circuit, the output level being adjusted during 
each strobe period to the new level shortly after the end 
of the counting process. 

Associated with each counter stage are three buffer 
amplifiers in cascade. The second one in each set is 
employed to supply the analogue output. The valve is 
cut off in the 0 state and bottomed in the | state. A tapping 
on the anode load is limited by diodes to swing between 
earth and the output of a +85V stabilized supply. These 
tappings are connected to a summing amplifier, which is 
a conventional operational amplifier. The input resist- 
ors are in the ratio of 128:64:32:....2:1. The feedback 
resistor is adjustable to give an output range of up to 
50V. The reference voltage is variable, and may be ad- 
justed to give OV out for a counter reading of zero. Then 
the output is proportional to the number in the counters. 

A delay circuit, with a pulse duration of about Smsec, 
is initiated by the strobe pulse. This delay gives both 
positive and negative going output pulses, which are am- 
plified and used to control a gate consisting of four diodes 
in a bridge arrangement. The gate is opened by current 
passing through the diodes, thus charging or discharging 
a capacitor to the output potential of the summing ampli- 
fier. The gate is closed by cutting off the diode current, 
the capacitor retaining its charge during this period. The 
delay is timed to close the gate upon the occurrence of 
the strobe pulse, for a period longer than that which the 
counting process can possibly occupy. A unity gain 
amplifier has as its input the voltage on the capacitor fed 
by the gate. The output is thus the desired analogue 
voltage at low output impedance and can be used to drive 
a galvanometer for photo- 
graphic recording. 

The digital read-out 
gates in the computer are 
transistorized, and it 1s 
only necessary to supply 
them with inputs, at suit- 
able voltage and current 
levels, which follow the 
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quency/digit curve as described 
previously (function generator), 
the error between frequency in- 
put and digital output was 
always found to be less than 
+0°5 per cent, and that between 
frequency input and analogue 
output was less than +1 per 
cent of full scale. 








Secondly, a reactance valve 





modulator was substituted as a 
source of data frequency. The 
modulator was operated on a 





very non-linear portion of its 
characteristic and driven by a 
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voltage from a low frequency 
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i] lator was calibrated accurately. 
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Fig. 8. Results of tests 

(@) Linearization for non-linear transducer characteristic. Trace 1. Input 
Trace 2. Data voltage. Trace 3. Analogue output 

(b) As (@) with sine-wave input at Ic/s 

(c) As (b) 2c/s sine-wave 

(d) As (b) 3c/s sine-wave 

(e) Level-correction with constant frequency input. Trace 1. D.C 
Trace 2. Data voltage. Trace 3 


Tests 

When the equipment is operating, an effective test of 
the greater part of the convertor system is to set up an 
arbitrary calibration curve on the patch panel, and using 
as data the voltage at sore point on the resistance chain, 
to check that the corresponding output number is regis- 
tered. The output number on such a check is normally 
found to be correct to within one digit throughout the 
range. 

Further tests have been made on the convertor in con- 
junction with equipment which simulates the operation of 
the data-processing system (Fig. 7). 

A 24-way switch is supplied with a set of oscillator 
signals. On one channel is the synchronizing frequency 
which is distinguished by being higher than any frequen- 
cies present on the other channels. Another switch con- 
tact is connected to the pole of a slower switch, which 
samples the outputs of a set of oscillators running at con- 
stant frequencies; this provides the standards channel. The 
remaining channels are alternately supplied by two oscilla- 
tors, one at an arbitrary frequency, and another which 
can take several forms, the latter oscillator providing 
eleven data channels. The pole of the 24-way switch is 
connected to a discriminator with very linear character- 
istics. The discriminator output is fed to a sync separator 
unit which supplies the channel separators with a pulse 
at the occurrence of the sync channel. The channel 
separators can be set to select any channel with reference 
to the sync pulse. One is set to select the standards chan- 
nel; the second picks out one of the data channels and 
gives a strobe pulse at the occurrence of this channel. The 
channel separators give outputs which remain constant 
during each cycle of the switch until the reoccurrence of 
the appropriate channel. The output of the standards 
channel separator is fed to a further set of five separators 
which give measures of the standards voltages. The con- 
vertor takes these voltages, in addition to the strobe pulse 
and the output of the data channel separator, and derives 
an output which is a measure of the frequency of the data 
oscillator. 

Firstly, in tests using as data source an accurate oscilla- 
tor, with the resistance chain set up to give a linear fre- 
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The input waveform was thus 
the parameter, with the modu- 
lator simulating a non-linear 
transducer. Setting up the con- 
vertor patch panel from the 
modulator calibration, the con- 
vertor satisfactorily reconstituted 
a triangular wave input which 
was distorted by the modulator 


Trace 4. The 


(Fig. 8). 

Sinusoidal input waveforms of several frequencies were 
also used, the point of interest here being the frequency 
limitations of the convertor. These were found to be 
negligible in comparison to those imposed by the rate of 
transducer sampling (Fig. 8). 

Thirdly, using a constant frequency input as data, a 
sudden shift was introduced in the level of the discrimina- 
tor output over the whole range. This simulates a sudden 
change in the level of the airborne modulator character- 
istics. The convertor output changed at first, returning 
precisely to its original level as new voltages were regis- 
tered by the standards channel separator. 


Conclusions 

Including the various approximations made, the overall 
accuracy of the digital output is generally not worse than 
+1 digit in 256. The approximations introduced by the 
function generator could be reduced by increasing either 
the number of auxiliary standards, or by increasing the 
number of diode gates in the sampling switch. However, 
an inherent limitation appears to exist in the precision 
with which voltages can be switched through the diode 
gates. These limits of accuracy are acceptable here, since 
they are much less than those on most of the transducers 
in use. 

The scheme employed in the convertor is considered 
to achieve about the best practicable compensations for 
gain and level changes from the available telemetry in- 
formation. The function generator provides an effective 
means of correcting for non-linear transducer character- 
istics. The system is applicable to time-multiplexed tele- 
metry links in which data and calibration channels are 
transmitted serially through the same equipment. 
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STATIC SWITCHING 


By G. T. Ohlsen*, B.Sc. 


The purposes and advantages of static switching and its derivation from digital computer tech- 

niques are outlined. A comparison of existing techniques is made and a complete system em- 

ploying NOR units as the logic element is described, together with the treatment and solution of 
a simple problem. 


(Voir page 666 pour le résumé en francais; Zusammenfassung in deutscher Sprache auf Seite 674) 


HE aim of static switching is to replace contact- 

making devices, such as relays, contactors, push- 
buttons and limit switches by some form of magnetic or 
electronic bistable circuit elements which will perform an 
equivalent electrical function. 

The advantages to be gained in the replacement of 
relays and contactors are the elimination of contact con- 
tamination, contact maintenance and mechanical wear 
due to moving parts. There is also the advantage, with 
most of the static switching schemes on the market, of 
much higher operating speeds which may be several 
orders higher than are attainable with relays. 

While some form of mechanism is still necessary to 
actuate the static switching equivalent of push-buttons and 
similar devices, this is in general much simpler and the 
usually more troublesome contacts are again eliminated. 


Origins 

Apart from the ancillary devices such as push-buttons, 
the techniques of static switching are derived from the 
earlier work concerned with logical data handling in 
digital computers where the tendency has been to build 
logical networks from building-blocks of basic logic func- 
tions’. These logic functions are the weil-known AND, 
OR, INVERTOR and DELAY. 

The AND function, as shown in Fig. | is represented by 
a multiple-input, single-output network where signals 
must be present on all the input terminals before an out- 
put is generated (i.e. an output signal will be generated 
only when input signals A AND B AND C etc., are present.) 
This can be considered as analogous to an equivalent 
number of normally-open relay contacts connected in 
series, since the circuit will transmit only when relays 
A AND B AnD C etc., are energized. 

Similarly, the or function as shown in Fig. 2 is a 
multiple-input, single-output network which will generate 
an output when any single input or combination of input 
signals is present. It is analogous to the parallel con- 
nexion of an equivalent number of normally-open relay 
contacts where the circuit will transmit when relay A 
oR B or C or any combination of these relays is energized. 

The INVERTOR, or NOT, function is a single-input, single- 
output device which produces an output only when the 
input signal is absent and it is equivalent to a normally 
closed relay contact. 

In the digital computer field the DeLay function is res- 
tricted to the fixed time delay of a digital pulse for a 
period of some few microseconds and the nickel or mer- 
cury delay lines employed find no application in static 
switching at the present time, where delays amounting to 
several seconds or minutes are frequently needed. For the 
remaining functions, the digital computer may employ 
diodes, transistors, thermionic valves or ferrite cores’ as 
the bistable element; the conducting and non-conducting 
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states or, in the case of ferrites, the saturated and un- 
saturated states representing conditions of output or no 
output. 

Thermionic valves have found no place in static 
switching, on the grounds of their reliability relative to 
other available devices and, although magnetic cores are 
being used by a number of manufacturers, these are tape- 
wound toroids rather than ferrites owing to the fact that 
most of these systems are operated at mains frequency 
and at higher power levels. 
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Fig. 1. (a) 3-imput *‘ AND’ 
(b) Equivalent relay circuit 
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Fig. 2. (a) 3-imput ‘OR’ 
(b) Equivalent relay circuit 














The main departure in technique is that most static 
switching systems are either d.c. or mains frequency 
operated rather than pulse operated, although at least 
one magnetic core system has been designed to be pulse- 
gated‘. 


Choice of Switching Element 

Since the prime aim is to replace relays and contactors 
by an equivalent logical building brick, the first con- 
sideration will be reliability. Second to this are considera- 
tions of simplicity, cost, bulk, and operating speed. 

In general, the logic building brick is not capable of 
controlling a load and requires a simple power amplifier 
interposed between itself and the load. Hence the choice 
of switching element is not restricted by the type of load 
which may have to be controlled and may be assessed 
on the basis of the considerations mentioned earlier. 

The cold-cathode tube forms one possible choice’ and 
has been used in at least two static switching systems. It 
possesses the advantage of visual self-indication and is 
outstanding in this respect. However, its life expectancy 
is poor in comparison with cores and transistors and it 
requires relatively high voltage triggering signals. The 
anode supplies must be either a.c., half-wave rectified 
a.c., or pulsed, so that appreciable statistical delays are 
possible in a long cascaded chain and phasing problems 
occur. 

Torriodal wound cores can be produced to give an 
indefinite life and provided that care is exercised in the 
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design and manufacture, units can be produced which will 
withstand mechanical mishandling of the completed 
wound core without deterioration in performance. Such 
cores, however, are costly and generally bulky, and suffer 
from the disadvantage of significant delays when cascaded; 
up to 5 cycles of the supply per core have been quoted 
in one case, and even if some form of flux resetting is 
employed on the inactive half cycle, the half cycle delay 
per core implies an overall system response no faster 
than that obtainable with relays. There is, in addition, 
the problem of phasing signals where a feedback loop 
is employed. 

While the transistor cannot compare with the saturable 
core for thermal capacity and consequent inherent 
immunity from short-term fault conditions, it can never- 
theless be readily designed into a wide range of logic 
units which will operate over a wide temperature range 
and the circuits can be made tolerant to large variations 
of supply voltage. The switching speed is of the order 
of 10usec without taking any special precautions, 


although this is of course slow in comparison to switching 
speeds of less than Smyusec which have been achieved with 
digital computer transistor logic®. 








Fig. 3. Non-retentive memories 


Diode AND and or gates are commonly used in con- 
junction with magnetic core systems in order to reduce 
the complexity of the core windings’. Although such 
diode gates can be used exclusively in the solution of 
some problems, the signal source current drain increases 
very rapidly with the number of cascaded gates and in a 
long cascaded chain it is necessary to introduce current 
and voltage amplifiers to restore the signal levels’. The 
method is not satisfactory for use in the type of complex 
problem to which static switching is normally applied. 

The transistor emerges very favourably on all counts 
from this comparison. 


Additional Logic Functions 

In addition to the functions AND, OR, NOT and DELAY, 
there is a need for a memory function in static switching. 
One type of memory is shown in Fig. 3(a). As can be 
seen from the equivalent relay circuit, the output R is 
self-retaining, once push-button A has been operated, 
until such time as push-button B’ is operated. (The ‘tick ’ 
denotes a normally-closed contact.) This is termed a non- 
retentive memory, since it will always revert to the de- 
energized or ‘ off’ state in the event of a power supply 
failure. There are several ways of reproducing this func- 
tion; by magnetic core-techniques, by combinations of 
AND, OR, and NOT gates, or by means of a flip-flop. Two 
possible solutions using AND, OR, NOT combinations are 
shown in Figs. 3(b) and. 3(c) where the noughts and ones 
indicate respectively the absence or presence of a signal 
at switch-on. In Fig. 3(b) the AND gate will only give an 
output (R) if there is an output from the or gate and 
signal B is not present. The or output can be established 
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by the momentary application of a signal at A and will 
be maintained by the signal fed back from output R. 

Fig. 3(c) only requires the explanation that the AND 
gate is a hybrid, requiring the presence of the upper in- 
put and the absence of the lower input, for an output 
signal to be established. 

Where it is required that, on the resumption of the 
power supply, the memory shall revert to its state 
immediately prior to a supply failure, an equivalent to 
the mechanically-latched relay is required. This can 
readily be reproduced by magnetic core techniques alone, 
or by the addition of a square-loop cored transformer 
to the emitter circuits of a transistor flip-flop. 

Other basic logic functions are the NAND and the Nor, 
which are inverted-AND and inverted-or functions res- 
pectively. 

The NAND will produce an output signal provided that 
there is no signal on at least one of its input terminals 
and it is therefore equivalent to parallel-connected nor- 
mally-closed relay contacts. 

The Nor will only produce an output signal when there 
are no signals on any of its input terminals. This is equiva- 
lent to series-connected normally-closed relay contacts. 
So far as is known to the author, only transistors have 
been used in the design of the Nor function. 

It is of interest to note that if a signal is defined as 
the presence of a voltage or current drive source, as is 
normal, and specific networks are designed to produce 
the functions AND, OR, NAND and Nor, then the functions 
of the AND and or networks and of the NAND and NOR 
networks will be interchanged if a signal is now defined 
as the absence of voltage or current source. 


Choice of Logic Functions 


In determining the building blocks which are to form 
a static switching system, the same considerations apply 
as in making the choice of the basic switching elements, 
but in addition it is desirable to keep the number of 
different logic units as small as possible and to bear in 
mind the problems of maintenance. 

Apart from the basic logic functions mentioned earlier, 
many permutations are possible, of a building block 
comprising multiple AND, OR and NOT inputs in various 
mixtures. A system based on these techniques will gener- 
ally require both forms of memory as separate units, 
although the non-retentive memory can be synthesized 
from AND, OR and Nor functions as shown earlier. Some 
forms of delay unit will also be required. 

Alternatively, the NoR unit can be utilized very simply 
to produce AND, OR, NOT and both memory functions. The 
NoT function is produced by commoning all the input 
terminals or by using one input only, leaving the re- 
mainder floating. 

Fig. 4(b) shows the derivation of the aNnp function, 
where each input is first inverted, using a NOR unit as a 
NoT function. It should be emphasized that some, or all, 
of these Not functions can be omitted by a suitable choice 
of signal input sense, if this is permissible in the parti- 
cular problem. 

The or function is obtained as shown in Fig. 4(c) and 
the non-retentive memory is shown in Fig. 4(d). The 
latter is a simple flip-flop, with several advantages; the 
inverse of the output signal is available from the output 
of the left-hand Nor, and as many switch-on signals 
(such as A) and switch-off signals (such as B) can be 
employed as there are unused input terminals after com- 
pleting the basic flip-flop connexions. 
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Fig. 4 (a) Basic ‘NOR’ relay equivalent 
(b) ‘AND’ function 
(ce) ‘OR’ fanction 
(d) Non-retentive memory relay equivalent 


R, 


Fig. 5. Transistor ‘NOR’ circuit 

The mode of operation is that the output of the left- 
hand Nor becomes zero on the application of signal A. 
If signal B is absent, all inputs to the right-hand Nor are 
zero and hence output R is generated. This is fed back 
to the left-hand Nor to maintain its zero output state 
when signal A is removed. 

The output R can now become zero only if signal B 
is present, and since the feedback signal will then be zero, 
both Nors will revert to their initial state and remain in 
that state when signal B is removed. 

Since the circuit is inherently symmetrical, some 
means must be provided to ensure the desired switch-on 
state. This may be accomplished by modifying a para- 
meter of one or other NoR unit or more usually, by 
providing a transient signal at switch-on to set the 
memory state. 

The NAND unit may similarly be used to derive the 
functions AND, OR, NOT and non-retentive memory, but the 
memory function is more complex, requiring four NAND 
units compared with two Nor units. The solution of a 
problem in terms of NAND units requires more mental 
effort than with Nor units and is generally more extrava- 
gant in components. 


A Static Switching System 

The author’s company is pursuing the development of 
both Nor and multi-function units, employing transistors 
as the switching element but, since the author’s concern 
has been solely the development of a static switching 
system based on the Nor unit, consideration will be 
limited to this type of system. The circuit of the tran- 
sistor NOR is shown in Fig. 5. The pertinent design con- 
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siderations have been adequately covered in a recent 
article®. 

Provided that there are no signal voltages on any of 
the six inputs, the transistor is cut off, due to the positive 
base bias applied from +V2 via Ri. The output terminal 
is at a potential, substantially that of the —V; supply. 
This potential constitutes the output signal. 

If any single input terminal, or any combination of 
input terminals, now has a negative going signal applied 
whose amplitude is of the same order of magnitude as 
—V,, the transistor saturates and the output potential falls 
to approximately —200mV, representing the zero output 
State. 

The switching speeds are of the order of 10usec to 
switch from the unsaturated to the saturated state, and 
approximately 15 to 20usec in the reverse direction. This 
slower switching speed is due to minority carrier storage 
effects. No attempt has been made to improve on these 
speeds which are at least three orders better than can 
be achieved by unforced relays. The hole storage effect 
has in fact been aggravated by overdriving the base to 
ensure that any production transistor will perform satis- 
factorily in the circuit. 

Component values have been chosen so that the unit 
is stabilized against the effects of collector leakage cur- 
rent variations, and is thermally stable at temperatures 
in excess of the 55°C maximum operational ambient 
temperature. 

The supply voltages are +20V and —20V, derived from 
either a three-phase half-wave unsmoothed supply or a 
single-phase full-wave supply with shunt capacitor. Satis- 
factory operation is possible in the presence of +20 per 
cent supply voltage variations, and the input signals may 
be anywhere within the range —20V to ~—7V for correct 
operation. One Nor is capable of controlling 12 logic 
units paralleled on to its output. 

The printed circuit construction is shown in Fig. 6, 
together with a time delay unit. Fig. 7 shows the circuit 
of this time delay unit, coupled at its input terminal to 
the output of a NOR unit. 

Assuming that transistor V7; is cut off, capacitor C 
will rapidly charge to almost the full value of the supply 
voltage Vi, via diodes MR;, MR: and MR; and the low 
value resistor Rr. The base of V7: is maintained slightly 
negative to earth by the forward voltage drop of MR, 
which is carrying a proportion of the charging current 
and an additional current due to R;. V7: is therefore 
saturated and the output voltage is sensibly zero. 

If V7, is now switched to saturation, the charge on 
C appears in the inverse sense across MR, and MR:, 


Fig. 6. Printed circuit construction of ‘NOR’ and delay circuits 
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Fig. 8. Output unit 


causing V7, to cut off and the full negative supply volt- 
age to appear at the output terminal. 

C discharges through the long time-constant circuit 
VT;, C and Ri, and would ultimately recharge to the full 
voltage of the negative supply but for the fact that when 
the potential at point a becomes slightly negative to 
earth, V7; is again able to draw base current. Since C 
has only completed approximately 50 per cent of its dis- 
charge-recharge cycle, its rate of change of potential is 
still high and transistor V7, therefore saturates rapidly, 
reducing the output signal to zero once again. 


Owing to the method employed in determining the 
potential at which C will switch V7:2, the timed interval 
is markedly insensitive to variations in supply potential, 
provided that these do not occur during the timed interval 
itself. 

This unit has been designed to cover timing intervals 
in the range 0-2 to 20sec in three ranges, but this can 
be extended to a maximum of 2min by the use of addi- 
tional external capacitance. 

A variety of timing functions can be performed with 
this unit in conjunction with further Nor units. 

A power output unit is necessary for controlling loads 
such as solenoids, heavy current contactors, and motors. 
The circuit of such an output unit is shown in Fig. 8. 
This is a simple compound transistor amplifier accepting 
signals from a NoR unit, or a time delay unit and capable 
of controlling d.c. loads of up to 72W at maxima of 
24V and 3A. 

For loads exceeding 72W, the circuit is modified slightly 
and a controlled silicon rectifier substituted in the output 
stage. These devices have only recently become available 
in this country, and load currents of up to 10A are 
possible with peak inverse ratings of approximately 300V. 
It is expected that these ratings will be significantly im- 
proved upon in the not too distant future. 

Where the load to be controlled is greater than the 
capacity of the controlled rectifier, magnetic amplifiers 
may be used. Here, costs and the degree of necessity for 
maximum reliability are prime considerations. Loads of 
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100kW and more can be handled by magnetic ampli- 
fiers but the costs are necessarily high compared with 
contactors. 

The remaining logic unit in the range is the sequence 
unit, shown in Fig. 9. This is a configuration of NorRs, 
forming a ring counter with the overall feedback loop 
omitted. If this feedback loop is externally connected, 
eight discrete outputs are available which will step on 
in sequence for successive signals on the input terminal. 
These sequence units can be cascaded indefinitely and are 
directly analogous to the uniselector. Up to four Nors 
may be driven by each output. 


Application to a Simple Problem 

Fig. 10(a) shows a simple relay circuit together with 
its transmission functions in Boolean algebra. The Boolean 
conventions adopted are that multiplication represents 
the logical function AND, addition represents the function 
or, and a ‘tick’ represents a normally closed contact. 

If these functions were directly translated into the 
equivalent Nor network, without making the simplifying 
step in the function for S, it would be found that twelve 
NOR units were necessary. 

The resulting network for the simplified case is shown 
in Fig. 10(b) where the ‘0’s and ‘1's represent the initial 
states of signals and outputs. Nine Nor units are seen to 
be necessary. 

NOR units a, b and c are used purely as invertors, having 
only one input terminal connected. It can be seen that 
so long as at least one of the inputs A or B is zero, 
there will be at least one input signal to gate d, which 
will therefore have zero output. This performs the 
(A’ + B’) term of the function for R. 

Provided that signal C is present, there will be zero out- 
put from gate c so that with a coincident zero output 
from d, both inputs to gate e will be zero and there will 
be an output from this gate. This causes gate f to have 
zero output and hence gate g will give the output R. 

Similarly, if output signal S is present, gate f will have 
zero output and again, gate g will produce the output R. 
The operation so far described is seen to be equivalent 
to the conditions of operation of relay R in the relay 
circuit of Fig. 10(a). 

If the designer is free to choose the sense of the input 
signals, A,B,C and D, it is apparent that gates a and c 
can be omitted if signals A and C are used in the inverse 
sense, hence reducing the number of Nor units required 
to seven. 

The network was designed by working backwards from 
each output terminal in turn, using the minimal Boolean 
functions as a starting point. Where the Boolean function 
consists of two or more factors coupled by addition or 
OR signs, as in the case for output R, the signal must 
be inverted. Hence the input to gate g is the inverse of 
the original Boolean function as shown in Fig. 10(b). 


Fig. 9. Construction of the sequence unit 
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Where the Boolean function involves multiplied factors 
only, as for outputs S and 7 or the input signal to gate 
g, a NOR is required with as many input terminals as 
there are factors in the expression. The input signal re- 
quired at an input terminal is then the inverse of the 
particular factor appearing at the output terminal, as 
shown in Fig. 10(b) for gate f. 

As a first step in designing such a network, the output 
requirements must be carefully scrutinized to see if any 
redundancy exists, as in the case of the expression for S. 
The derivation of the minimal expressions will obviously 
aid in arriving at a minimal network in terms of the 
number of Nor units required. 

As the network synthesis proceeds it is necessary to 
inspect for duplication of required functions, as in the 
case of the R’ input to gate h, which is available from 
the input to gate g, since this is a simple invertor. 


b R=(A'+8’)C+S 





b> S$=(A'+ B')RBUS.C.R.8') 
R.8' 








+cs’ 
(9-2 R= 
(A'+B)C+S 




















(>) 
Fig. 10. Simple relay circuit and the ‘NOR’ circuit equivalent 

Having completed the network, the input conditions 
should be inspected to see if any simplification is possible 
by inverting the sense of one or more input signals, as 
is possible in this case by inverting signals A and C and 
omitting gates a and c. 

Although this method is straightforward, it does not 
unfortunately always result in a minimal network and it 
is sometimes possible to derive a simpler system by 
intuitive methods. 

The network complexity may also depend on the man- 
ner in which the Boolean expressions are written down. 
For instance, using the above method, a solution to 
A’B’ + AB will require six NOR units whereas a solution 
to (A’ + B)(A + B’) will require five NoR units, yet these 
two expressions have precisely the same meaning. 


Control of Input Signals 

Where push-button or limit switch operation of control 
signals is required, contactless devices are available in 
the A.E.I. static switching system. These are simple 
saturable reactors where a small toroidal wound core 
forms the fixed part in each device. The core is saturated 
by bringing a permanent magnet to within approximately 
tin of the core, when the resulting low inductance of 
the winding allows a half-wave rectified signal to be 
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applied to the relevant logic circuit input terminal. It 
should be noted that mechanical contact is not necessary 
between magnet and core. 
_ When used as a limit switch, this device will give an 
accuracy of +1/16in in the operating point, which is 
adequate for the majority of industrial applications. 
Much greater accuracies are possible by the use of 
a high frequency supply, and of such phenomena as 
ferro-resonance, but there is the disadvantage of increased 
complexity and cost. 


Conclusions 

In the author's opinion, the transistor Nor unit has 
advantages which make it more attractive than any other 
form of logic system. Apart from the inherent high 
switching speed of the transistor, the NoR can reproduce 
any required logical function with great simplicity. 

The maintenance engineer requires an operational 
knowledge of the minimum possible number of logic units 
and a variety of aids to servicing an installation are 
available. In the simplest case, he requires only a volt- 
meter with one connexion to the system earth, using the 
other as a test prod to check for the presence or absence 
of a signal. 

Alternatively, lamp indication can be provided at selec- 
ted points in the network to indicate signal states or 
neons can be provided to indicate the state of every unit 
at all times. 

It is impossible to assess the replacement ratio of NOR 
units to relays on the basis of simple examples such as 
that considered earlier. In many such instances, parti- 
cularly cyclical and sequential problems, it will be found 
that three or even four NORs are required per relay for 
equivalent networks. However, in somewhat more com- 
plex problems involving upwards of say, twenty relays, 
the ratio will be found to be fairly closely two to one, 
if the relay is defined as having four changeover con- 
tacts available. 

With increasing speeds of operation of machines and 
equipment in industry and the services, the time lags 
involved in manipulating control signals by means of 
relays and contractors can be a definite embarrassment. 
Plant shut-down due to fault conditions can be stagger- 
ingly expensive in some cases. Static switching offers a 
real gain in both of these circumstances. 

A final benefit to the user is found in the schematic 
diagram. There is no longer the need to search for the 
elusive last contact of a particular relay: every single 
input and output of a unit has a clearly defined destina- 
tion. 
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The Differential Analyser and its Realization 
in Digital Form 


(Part 1) 
By P. L. Owen*, B.A., M, F. Partridge*, M.A., and T. R. H, Sizer*, A.M.LE.E. 


This article describes the differential analyser both in its original mechanical form and a later digital 
development. Briefly computers falling within this generic title deal with information of a con- 
tinuously variable nature as in the solution of differential equations. 

Interest in the differential analyser has recently been stimulated by the application of digital tech- 
niques resulting in the digital differential analyser (abbreviated to d.d.a.). This type of machine has 
great operational flexibility and the accuracy inherent in a digital system. 


(Voir page 666 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 674) 


Mey principle of the differential analyser has been known 
for many years; its first form was probably that pro- 
posed by Lord Kelvin' in 1876. Dr. Vannever Bush’? was 
responsible for the first practical mechanical machine pro- 
duced at the Massachusetts Institute of Technology in 
1930. Since then similar mechanical machines* have been 
built in the U.K. 

Electronic forms of differential analysers have been 
avaiable commercially for some years consisting of arrange- 
ments of d.c. amplifiers and have proved invaluable in the 
solution of some types of differential equation. In recent 
years, however, an entirely new conception of the electronic 
differential analyser has been realized by the application 
of digital techniques resulting in the digital differential 
analyser. 

The authors are convinced that the potentialities of the 
d.d.a. have yet to be fully appreciated. The object of this 
article, therefore, is to introduce the subject to a wider 
range of people and, in so doing, to stimulate interest in 
a fresh and highly important field. 


The Process of Computation 

In order to perform computation by mechanical or other 
means the calculations must first be broken down into 
basic operations. For example, the slide rule may be used 
to compute functions which can be reduced to multiplica- 
tions and divisions. A desk hand machine which is only 
capable of addition and subtraction may, in theory per- 
form any computation. In practise, it is assisted by means 
of tables of mathematical functions. Large automatic 
general purpose machines operate by reducing all com- 
putation to addition, Subtraction is achieved by the addi- 
tion of the complement of the number, multiplication and 
division by successive addition and subtraction respec- 
tively. These four operations enable the machine to 
compute polynomials and rational functions. Transcen- 
dental functions such as @ and e*, etc. are computed by 
means of expansion in terms of Chebycheff or other 
orthogonal polynomials. 


Electronic analogue machines use the computing ampli- 
fier as a basic ‘brick’ to perform the operations of 
addition, multiplication by a constant, and integration 
with respect to time. This element is sufficient to enable 
any problem which may be formulated in terms of linear 
equations to be solved. Non-linear problems may be solved 
by the use of servo or electronic multipliers, mechanical 
cams, non-linear resistors etc. 

Another type of machine is the differential analyser 
which has as its basic ‘ brick’ a device which may integrate 
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with respect to variables other than time. This facility in 
conjunction with an adder enables it to solve any problem 
which may be formulated in terms of linear or non-linear 
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Fig. 1. The wheel and disk integrator 


equations, e.g. : 
(a) Multiplication of two variables: 
XY = [X.d¥ + [¥.dx 
(b) Computation of sin 6 and cos @ as the solution of: 
(PX /de*) +X =0 
(c) Multiplication by a constant: 


KX = [K.dXx 


Space does not permit the inclusion of further examples at 
this stage, but these three are sufficient to illustrate the 
versatility of the differential analyser. This article describes 
such a machine and, in particular, its realization in digital 
form. 


The Mechanical Differential Analyser 
THE WHEEL AND DISK INTEGRATOR 

The basic integrator of the differential analyser may 
take several different forms, one of the simplest of which 
is shown in Fig. 1. This type of integrator has two inputs 
and one output, each in the form of a shaft rotation. In 
Fig. 1 the input rotations are represented by X and Y, 


OCTOBER 1960 





and the output by Z. These quantities are the numerical 
measurements of the rotations, and may be revolutions, 
degrees or radians. For the convenience of description, it 
is assumed here that the rotations are measured in radians. 


The X input shaft is mounted in bearings in the main 
framework, and attached to one end of this shaft is a flat 
circular disk which rotates with it. At right-angles to the 
X input shaft is mounted a second splined shaft which 
carries a wheel whose circumference is in contact with the 
disk. The wheel is free to slide along the second shaft, but 
the shaft constrained to follow any rotation of the wheel 
by splining. The position of the wheel on the splined shaft 
is determined by a bracket mounted on a lead screw which 
is rotated through gearing by the second input Y. The 
rotation of the splined shaft is the output Z. 


In order to determine the relation between the inputs 
and output of this device suppose that the unit of distance 
is the radius of the wheel and that the gear ratio on the 
Y input has been so chosen that the lead screw moves the 
wheel unit distance along the splined shaft for a rotation 
of one radian of the Y input shaft. Also suppose that Y = 
0 when the wheel is in contact with the centre of the disk. 
A small rotation 6X of the disk causes a point on its sur- 
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Fig. 2. Conventional symbols for differential analyser elements 


face at a distance Y from the centre to move a distance 
Y .dX. This causes the circumference of the wheel, which 
rolls on the surface of the disk without slipping to move 
through the same distance. Since the wheel has unit radius, 
this distance represents the output rotation in radians, and 
the following fundamental relation between the inputs and 
the output of the wheel and disk integrator is obtained: 
dZ = Y.6X 
For a constant value of Y, say K, the relation between the 
input and output is: 
Z=KX 

thus showing how the device may be used as a constant 
multiplier. In practice this is an extravagant thing to do 
since the same result could be achieved by means of a 
simple gear train. 

For variable Y the relation between the inputs and out- 
put is: 


Z=[Y.dx, 
and the device integrates Y with respect to X. 


Making use of the normal nomenclature for integration it 
is convenient to call X the independent variable and Y, 
the distance of the wheel from the centre of the disk, the 
integrand. 


It should be again remarked that the independent vari- 
able or X input is, subject to the mechanical limitations of 
the device, completely unrestricted in its behaviour. For 
example, it may be the input from external equipment, or 
the output from another integrator. It is this facility which 
makes the wheel and disk integrator so much more versatile 
than the electronic analogue integrator in which the inde- 
pendent variable may be time only. Integration with respect 
to time is achieved with the wheel and disk integrator by 
simply rotating the X input at constant angular velocity. 
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ADDITION OF ROTATIONS 

In order to solve problems by means of the wheel and 
disk integrator it is necessary to be able to add shaft rota- 
tions. Addition is most easily achieved with the mechanical 
differential gear. The differential gear is a familiar device 
and requires no explanation other than to state the fact that 
it normally gives the mean of two shaft rotations, For the 
purposes of constructing integrator schematics, however, it 
is regarded as an element which adds two shaft rotations 
since the factor of 1/2 may be compensated by gearing 
the output shaft. 


SOLUTION OF PROBLEMS BY MEANS OF THE DIFFERENTIAL 
ANALYSER 

The wheel and disk integrator and the differential gear 
are, in theory, sufficient to enable the differential analyser 
to solve any problem which may be formulated in terms of 
mathematical equations. In practice, however, it is econo- 
mical to use a simple gear train when it is desired to 
multiply by a constant rather than use an integrator with 
a constant Y input. 

In order to show how differential analyser schematics 
may be built up to solve problems it is convenient to have 
conventional symbols for the integrator, differential gear, 
and gear train. In Fig. 2(a) the integrator is shown as a 
plan drawing of the wheel and disk. The X or independent 
variable input is drawn tangential to the disk to show that 
they are mechanically connected, and the Y or dependent 
variable is connected to the wheel. The Z output is also 
connected to the wheel. Figs. 2(b) and 2(c) show suitable 
symbols for the differential gear and gear train respectively. 
The relationships beween the inputs and outputs of these 
three elements are: 


for the integrator: Z = fY.dx, 


for the differential: Z = Y + X, 

for the gear train: Y = K.X. 
For the development of schematics it is sometimes found 
convenient to express these relations in incremental form 
as: 6Z = Y .8X, 6Z = 6X + SY, and 6Y = K . dX respec- 
tively. 

Some examples are now given of the solution of prob- 

lems by the differential analyser. 


(1) Multiplication of Two Variables 
In order to derive the schematic for this operation the 
equation: 
Z=X.Y 
is written in incremental form as: 
6Z = Y.8X + X. SY. 


The form of this relation shows that two integrators 
and one adder are required to perform multiplication and 
the schematic is shown in Fig. 3(a). The independent and 
dependent variable inputs of integator 1 are X and Y 
respectively, and for integrator 2 the corresponding inputs 
are Y and X. The answer is obtained by adding the out- 
puts of the two integrators by means of the differential. 
The form of the schematic shows that the two inputs, i.e. 
X and Y are required to be repeated, an operation which 
may be achieved by simple gearing and symbolized by 
a ‘black box’ with one input and two identical outputs. 

In order to use this device for multiplication it is neces- 
sary to display the inputs and output. This may be most 
conveniently done by mounting angular indicators on the 
input and output shafts. It is, however, necessary to set the 
origins Or zero positions of these indicators, and an 
examination of the input-output relations shows how this 
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may be done, Taking the case of the X input indicator 
first, the relation for the wheel and disk integrator 2 is: 


Z= [X.dy 


and shows that the integrand which is the distance of the 
wheel from the centre of the disk is X. Thus the X input 
indicator must be set so that it gives a zero reading when 
the integrand of 2 is zero. Similarly, the Y input indicator 
must be set so that it gives a zero reading when the wheel 
of integrator 1 is at the centre of the disk. 

The origin of the output indicator is determined oy 
inserting an arbitrary set of initial conditions which satisfy 
the defining equations of the problem. In the case of 
multiplication suitable initial conditions could be X = Y = 
Z = 0, and these would be inserted by setting the output 
indicator to read zero when the two input indicators read 
zero. 

Having set in an initial condition multiplication may 
now be performed by setting up the two factors on the 
input indicators. The product then appears on the output 
indicator. 


(2) The Solution of Second Order Linear Differential 
Equations 


Let the equation be: 
A(@Y/dt’) + B(dY/dt)+ CY =90 
Integrating and rearranging: 
d¥ |dt = —(1/A)(B{ (d¥/dt).dt + C [ ¥ dt) 


To construct the schematic suppose that dY/dt is avail- 
able then the expressions: 


Y= f @y/dt).at and f ¥ . dt 


may be obtained by two successive integrations of dY/dt. 
The outputs of these integrators are multiplied by B and 
C respectively and added in a differential. Multiplying the 
output of the differential by —(1/A) gives dY/dt which 
is used as the integrand of the first integrator. The result- 
ing schematic is shown in Fig. 3(b). The solution Y is 
obtained by putting an indicator on the output of inte- 
grator 1. This schematic is interesting in that it uses a 
feedback technique to obtain the solution of the equation. 
The integration with respect to time is achieved by rotating 
the independent variable inputs of the integrators at a 
constant angular velocity. The particular angular velocity 
is dependent on what speed relative to real time it is 
required to solve the problem. For example, if it is required 
to solve the problem in real time, the angular velocity is 
one radian per second. 

From the theory of second order equations it is known 
that the solution is determined by the initial values of dY /dt 
and Y. The schematic is therefore set up by inserting the 
initial value of dY/dt in the integrand of integrator |, 
and the initial value of Y in the integrand of integrator 2 
and the output indicator. 


(3) Computation of Reciprocal 

Let the defining equation be: 

Y = (1/X) 
This equation may be written in incremental form as: 
8Y = —(1/X*).dX = —Y*.8X 
Integrating: 
Y= -{ Y'.dx 

The schematic may be built up in the same way as that 
for the linear differential equation using a feedback tech- 


nique. Assume that Y is available, Y* may be generated by 
means of an integrator whose integrand and independent 
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variable are both Y according to the equation: 

iy? = [Y.dY 
The output of this integrator is multiplied by 2 to give 
the integrand of a second integrator whose independent 
variable input is X, The output of the second integrator is 
then Y which may be fed back to the first integrator. The 
resulting schematic is shown in Fig. 3(c). 

A convenient set of initial conditions may be taken as 
X = Y = 1. Since Y’ is also 1 these conditions may be 
inserted by making the integrands of integrators 1 and 2, 
1 and —1 respectively. The output indicator is set to 1 and 
the schematic is ready for computation. 
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Fig. 3 (a) Multiplication 
(b) Solution of second order linear differential equation 
(ce) Computation of reciprocal 


In each of the preceding schematics the insertion of 
initial conditions is an essential part of the setting up pro- 
cedure. This is a characteristic of the differential analyser 
and it must be performed for every problem. The machine, 
in fact, operates by relating the differences or increments of 
outputs to the increments of the inputs. Thus the incre- 
mental forms of the relations given previously give a truer 
picture of the process taking place in the differential 
analyser than the absolute or whole number forms of these 
relations. 


(3) Digital Integration 

In order to construct the digital equivalent of the wheel 
and disk integrator it is necessary to examine in some 
detail the process taking place in this device. The quantity 
which is transmitted between wheel and disk integrators is 
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shaft rotation. Shaft rotation is not an absolute quantity, 
an indicator mounted on the shaft may have its origin in 
any arbitrary position. If the output indicator for the multi- 
plier schematic already described is set up in a position 
other than that dictated by the initial conditions an answer 
would still be obtained but it would be given by the 
equation: 
Z=X.Y+C 


where C is the displacement of the output indicator from 
its correct position. The schematic is, in fact, unable to 





One - 
quantum 











Fig. 4. Digital representation of a continuous function 


detect, or correct for, an error of this form. Other such 
errors are caused if the input indicators are set up 
incorrectly relative to the integrands of their respective 
integrators. 


In the case of the schematic of Fig. 3(b) errors undetect- 
able by the machine could occur if the Y input shaft of 
integrator 2 received an input rotation error. 


These points illustrate further that the differential analyser 
does not deal with absolute or whole numbers but rather 
with their differences or increments. Viewed from this 
aspect, the wheel and disk integrator as shown in Fig. 1, 
without its output indicator, is an increment or rate multi- 
plier. The multiplying factor Y is determined by integrating 
the integrand input by means of the lead screw and the out- 


put increments are determined by the equation: 
8Z = Y.8X 
and the output rate is determined by the equation: 
dZ/dt = Y .(dX/dt) 


DIGITAL REPRESENTATION OF QUANTITIES 

It is now possible to consider how to construct a digital 
integrator. It is necessary, however, as a first step, to 
describe how variable quantities may be represented in 
digital form. 

Variable quantities may be represented by shaft rotations 
which may change continuously. On the other hand, digital 
numbers are discrete by nature, and change in steps. The 
least amount by which a digital number may change is one 
unit in the position of least significance of the representation. 
This least significant unit, or quantum, is determined by 
the accuracy to which it is required to represent the 
quantity. 

Fig. 4 shows how a continuously variable quantity may 
be digitized. Each vertical step of the grid represents the 
smallest amount by which the digital representation may 
change, i.e. the quantum. Each horizontal step represents a 
small interval of time dt. The stepped line shows the corre- 
sponding digital representation and is obtained by taking 
the nearest horizontal grid line at the beginning of each 
time interval df. As the quantization becomes finer and the 
time interval becomes shorter the representation becomes 
more accurate, but it never becomes exact since it is charac- 
teristic of the digital process that the number changes at the 
beginning of each time interval 6¢ and remains constant 
during the interval. 

Whereas the quantum or step size is determined from 
accuracy conditions, the time interval 6 is determined by 
the speed of the machine, because machine operation con- 
sists of a series of cycles or iterations, During each iteration 
it is necessary to sample all the inputs and compute the 
output, operations which require a finite time for their per- 
formance. The time interval 6t is determined by this cycle 
time and is referred to as the ‘iteration period’ of the 
machine. A typical figure is 2msec, giving an exceedingly 
accurate representation of variable quantities. 


(To be continued) 





A Coded Automatic Door Release 


By J. D. Storer, A.M.IL.E.E., A.M.Brit.L.R.E. 


A simple combination lock is described. It is operated by push-buttons marked with the letters 
of the alphabet: four letters having to be selected in the correct sequence. The circuit consists 
of Uniselectors and relays. 


(Voir page 666 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 674) 


) a variety of reasons it may be desirable to restrict 
access to offices, laboratories, etc., to a limited number 
of staff. Issuing keys to everyone concerned is seldom 
satisfactory and it is usually uneconomic to employ a 
doorman and pass system at this level. An automatic 
door release system which is operated from outside by 
pressing lettered buttons in a prearranged sequence has 
proved to be a satisfactory answer to the problem. 

Any such system must meet three main requirements, 
being foolproof, cheap and simple; the one now des- 
cribed has these merits. 
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General 

The device is intended to restrict entry into a room or 
area to persons with prior knowledge of a sequence 
of four letters. The letters and their order can be changed 
quickly and easily, at will; and there are alarm circuits 
which operate whenever an incorrect letter is selected, 
or if more than one letter is selected. 

It consists of a panel of buttons, each marked with a 
letter, mounted on a wall external to the door, a mag- 
netic door lock, and a relay and code setting panel inside 
the secure area. 


ELECTRONIC ENGINEERING 





,2, Adjes Adjag 





| —emeneneARY 


Z yung 426m013S 


HOI aEII1 J00P WeMO;NE ayy “fT “Ty 


plouajos 
2BS02)21 41009 


ms 





sdyryms Gulyj2as apo> 
2] 


3 Ig 








yD}UE? 
_~ oyno 
426M0.9S 


10> 
426m0.nS 

7 io 
$yu07y3NG 
42}}27 


By 


eS wong 
WIDID 728dy 


u 


(uowng Buon) 
9, Aojes widjy 


(suoyng Auow 004) 
,y Adjas wuDly 


1960 


OCTOBER 


ELECTRONIC ENGINEERING 





Method of Operation 
A circuit diagram is shown in Fig. 1. Twelve letter 
buttons are shown, and twelve contacts on each of the 
code setting switches S:—5,: This provides 12* possible 
combinations, and as the panel of push-buttons contains 
all 26 letters the probability of fortuitously selecting the 
correct sequence is considerably less than this. In the 
diagram the switches are set to RLNG, if the push-buttons 
are operated in this order the sequence of events is as 
follows :— 
(a) On operation of push-button R, the open con- 
tacts of R are closed connecting an earth via 
S; and the first contact of Strowger bank 1 on 
to the Strowger coil. This causes the Strowger 
to advance one step on to contact two. 


(b) This ensures that when button L is pressed an 
earth is again applied to the Strowger coil via 
S: and the second contact of Strowger bank |! 
causing it to step on to position 3. 


(c) The process repeats as buttons N and G are 
operated so that the Strowger contact reaches 
position 5 where it applies an earth to the door 
release solenoid enabling the door to be opened. 


Simultaneously Strowger bank 2 has been rotat- 
ing, as soon as the first button was pressed this 
bank applied an earth on to a delay relay which 
is timed to operate shortly after the door has 
been opened. When it operates it connects an 
earth via Strowger bank 2 and relay C to the 
‘auto’ contact of the Strowger causing it to 
rotate until it reaches contact 1 when it stops due 
to the removal of the earth on Strowger bank 2. 


An Improved Fuel Cell 


A low temperature fuel cell that can generate from three 
to five times more power per unit volume than other similar 
cells under development was announced recently by Dr. C. G. 
Williams, Director and General Manager of “Shell” Research 
Ltd. This development, by Shell’s Research Centre at Thornton, 
in Cheshire, England, is regarded as a significant step for- 
ward in making these devices practicable. 

The high output of Thornton’s fuel cell results from the 
fundamental studies Thornton has made of fuel cell elec- 
trodes. This work has led to the development of inexpensive 
and easily fabricated electrodes that are highly active. 

Development work has been carried out using hydrogen 
as the fuel, but the cell has demonstrated its ability to use 
other fuels and further work will be carried out in this direc- 
tion. 

The cell can operate with either alkaline or acid electro- 
lytes. When run on hydrogen and oxygen at pressure of 
3 Ib/in’, current densities of 70A/ft? can readily be obtained 
with both types of electrolyte at room temperature. If air is 
substituted for oxygen, there is little loss in performance. As 
the cell warms up to 60°C, the output is doubled. The power 
output is of the order of 3 to SkW/ft’. 

In discussing the electrolyte, Dr. Williams stated that the 
acid cell has a major advantage because it is free from 
troubles due to carbon dioxide. This gas, which is present in 
air and also in fuel gases derived from hydrocarbon fuels, 
destroys the activity of the alkaline electrolytes. 

“Shell” has constructed multiple fuel cells with up to six 
cells per inch and believes that units having a power to weight 
ratio of 50 watts per pound are realizable. 


Although this research shows that real advances in fuel 
cell design are possible, “Shell” Research does not, at the 
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Thus the whole system is ready for another 
complete operation. 

Consider now the effect of operating an incorrect but- 
ton, suppose C is pressed instead of R. There is no cir- 
cuit via S; to cause the Strowger to operate, but sufficient 
current flows through the Strowger coil and Rw to 
operate alarm relay B. This immediately self holds—con- 
tact B:i—and the alarm bell is operated continuously by 
the making of B:. B; opens and removes the door release 
solenoid from circuit completely. This state of alarm 
can only be remedied by operating the reset alarm push- 
button, this breaks contacts SR1 restoring alarm relay B, 
and closes contacts SR2. If it is the first button that 
has been wrongly pressed SR2 being closed has no effect, 
but if it is any subsequent button—i.e. if the wiper of 
Strowger bank 2 has ‘ picked up” an earth—it connects 
an earth on to the Strowger auto contact causing the 
system to return to its normal quiescent condition. 

Finally, consider the effect of operating two buttons 
simultaneously. Whenever a button is pressed its pair 
of closed contacts which are used to short-circuit a 
resistor are opened and the resistance is placed in series 
with alarm relay A which is normally operated. One 
resistor in series does not reduce the current sufficiently 
for the relay to drop out, but if two or more buttons are 
pressed simultaneously the current drops below operating 
level and the relay operates. Its contacts A; operate 
alarm relay B which self holds producing results des- 
cribed in the previous paragraph. It is worth noting that 
due to relay A, the alarm will usually operate when the 
system is first switched on, and the reset button must 
be pressed to bring the system to its normal quiescent 
state. 


moment, intend to construct larger units as it is considered 
too early to predict the lines along which fuel cells will be 
developed. Their work is continuing and includes a study 
of fuels other than hydrogen. 

The cell illustrated consists of 20 units and produces SOW. 
Although in this laboratory model the end plates are made of 
mild steel, plastic material could be used for this purpose 
and would result in a considerable reduction in weight. 


Sampling the electrolyte in an experimental cell 
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A Cascode Trigger Circuit Using a PNP 
and NPN Transistor 


By P. Arnoldt*, B.E.E. 


A monostable trigger circuit employing a pnp and an npn transistor in a cascode arrangement is 
described. The circuit when preceded by a diode pump integrator forms a frequency dividing stage. 
Optimum conditions to ensure the safest operation with temperature variations are derived. Practical 
values for a stage reliably dividing by 10 over a temperature range of 5° to 50°C with 
input pulses of 100kc/s are given, The output pulse of such a stage is suitable for driving the input 
of a subsequent stage. 
The trigger circuit can also be employed to generate sawtooth waveforms or operate as a time 
modulator: 


(Voir page 666 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 674) 


ean trmntegl division over a wide frequency range can 
be achieved employing the necessary number of binary 
scaling circuits with appropriate interconnexions. When 
division is required over a comparatively narrow frequency 
band, however, simpler arrangements such as thermionic 
valve circuits in conjunction with the diode pump circuit’ 
can be engineered to divide reliably. 


A pnp and an npn transistor can be connected in a cas- 
code circuit arrangement to form a regenerative trigger 
circuit which, together with a diode pump circuit, can 
achieve safe division by at least 10 times. To form a divider, 
the capacitor C of the diode pump integrator in Fig. 4 
can be connected to the input terminals of the trigger 
circuit of Fig. 1. After the desired number of input pulses 
when the voltage across C equals a preset value, a trigger 
action occurs and the input resistance of the trigger circuit 
changes from a high to a very low value causing C to be 
completely and quickly discharged. Output pulses which 
occur for the time that the transistors are hard on are 
available at a low source resistance and can conveniently 
drive subsequent dividing stages. The polarity of these 
pulses can be reversed by interchanging the pnp and npn 
transistors as well as the polarity of the supply. 

The trigger circuit can also be used as a free running 
sawtooth oscillator or to generate a pulse which can be 
variably delayed with respect to an input pulse. 


Operation of Basic Circuit 

In most cases where the circuit may be used a capacitor 
is connected across the input terminals and so the basic 
circuit of Fig. 1 will be considered with this input con- 
nexion. 

E, has a magnitude less than the supply voltage E,. 


E. has a magnitude just less than E, — E, by an amount 
éV. 

When éco the voltage across C is less than E, the trigger 
circuit is in the stable state because V7) is non-conducting 
and as a result V7: is held non-conducting. After C has 
been charged to a voltage equal to F:, collector current will 
commence to flow in V7;. The collector voltage of V7; 
will change in the positive direction and cause VT: to con- 
duct. As a result the emitter voltage of V7; and VT, will 
change in the positive direction and make V7, conduct 
more. A regenerative loop exists and both V7; and VT: 
rapidly become hard on. The input resistance of the circuit 
becomes the sum of the base to emitter resistance of V7; 


* Sir W. G. Armstrong Whitworth Aircraft Lid 
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and the collector to emitter resistance of VT2. C discharges 
into this input resistance and when almost completely dis- 
charged VT; collector voltage commences to change in 
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Fig. 2. Practical trigger circuit 


the negative direction and the reverse action to that pre- 
viously described quickly resets the circuit to the quiescent 
state provided that: 
i %, (Es/hterRe) 
where /ye1 = static forward current gain of V7; in common 
emitter connexion. 


The requirements for the ‘off’ and ‘on 
follows: 


In the ‘ off’ state: 
E. = E; — Ex — 6&V 
eco x Ey 
In the ‘on’ state: 
int > (Es/ hte Re) 
where ip; = the base current of V71. 
ive = (E./ Rv) 


, 


States are as 
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where ite = the base current of V7>. 
hteive > (Er/ Rt) + ia 
where /ye2 = static forward current gain of V7; in common 
emitter connexion and ie: = emitter current of V7;. 
*. (AteE./ Rv) > (Er/ Rt) + (Es/Re) + ivi 
The discharge time is an involved function of C and the 
trigger circuit parameters, some of which vary during the 
discharge. 


It is not convenient to employ a battery in the coupling 
circuit and in most cases this can be replaced by an R and 
C network. 


Practical Circuit 

A more practical circuit arrangement is shown in Fig. 2. 
The battery supplying E. in Fig. 1 has been replaced by 
Ri, Re, and C,. The battery E, and R; have been replaced 
by an equivalent potentiometer circuit connected across 
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Fig. 3. Waveforms of the practical circuit operating as a frequency divider 





the supply rails. The ‘on’ and ‘ off’ conditions given for 
the basic circuit also hold for this circuit where: 
a (Rs; + RVx) (Ri + RVO x)) 


R; ry R, + RV (1 ee ? 0) 


Ri 


p, — Re + RVO-x) 
7 (+i ae 


In the ‘ off’ or quiescent condition of the circuit, C. is 
charged so that the voltage across it: 


Ccc = (Es — ED/ i. — ) 
Ri + Ro 


R2 
Ri + Ro 

When the circuit has triggered to the ‘on’ state, C, dis- 
charges towards OV with a time-constant: 


Es 


Cro = Ey + (Es — Ex). 


h=~C.. (Ri > R2) 
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This time-constant governs the time for which the ‘on’ 
condition holds and must be of sufficient duration to allow 
C to be completely discharged. 

The condition: 

< (E. / hiaR ) 
given for the basic circuit to reset need not hold in the 
practical case since the emitter current of V7: will com- 
mence to fall when C,, has been discharged to: 
€co = (Rov/ Atez) ((Ex/ Rv) + (E,/ Re) + iv) 
causing the circuit to quickly reset to the ‘ off” state. 

During the transition from the ‘on’ to the ‘ off’ state 
a pulse of current flows into the discharged C producing a 
small step in voltage Ae.o. This is apparently caused by the 
effective capacitance of the reverse biased base to emitter 
junction of V7, being driven by the negative going voltage 
of the emitters eo. 

When the circuit has reset to the ‘ off’ condition C, is 
recharged to its quiescent state with a time-constant: 

to ~ C. (Re + R2) (R; > R, > Ri) 

The line joining the emitters can provide output pulses 
at a low impedance, also the collector of V7; is a con- 
venient point to obtain pulses suitable for driving a 
subsequent stage. 











Fig. 4. Diode pump integrator 


The waveforms showing the operation of the circuit in 
a frequency dividing stage are shown in Fig. 3. 


Application to Frequency Division 

A frequency dividing stage can be achieved by pre- 
ceding the trigger circuit with a diode pump circuit, Fig. 
4. The capacitor C in the previous discussion becomes the 
second capacitor in the pump circuit. 

A square wave signal of the frequency to be divided 
is generated, the peak-to-peak voltage of which is equal 
in magnitude to E,. This square wave voltage drives the 
diode pump and generates a staircase waveform across C. 
The desired number of pumps required to raise the 
voltage across C to E; can be obtained by adjusting Cy). 

The staircase voltage appearing across C will rise 
exponentially to E, and for a required division of p times 
there is an optimum reference voltage E; such that the 
amplitude of the voltage step which triggers the circuit 
will be a maximum. The larger this step can be made the 
greater the drift must become before an erroneous division 
occurs and hence the greater the safe temperature range 
of operation of the divider. 

It has been shown’ that the voltage v, across C after 
p input pulses is given by: 

vp = E. [1 — (C/(C, + C))’] 


by putting = K 


Cp +C 
vp = E,(1 — K°) 

Fig. 5 shows the last two steps in the staircase voltage 
across C. Ideally the trigger voltage v; at which the circuit 
triggers should be midway between vp and vp-i. % is 
closely equal to the reference voltage Ex. 
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Any number of stages can be cascaded, division by p” 
requiring 2n transistors. 

If it is necessary to keep the time delay Ar between the 
leading edge of the output pulse and the leading edge of 
the corresponding input pulse to a minimum value, the 
time-constant : 


Let Vp 7 Vp-1 = Av, 
Av, = E,(K®- — K”) 


Av, is a maximum when — =0 
dAv,y s 
— = E{(p—1)K”* — pK" : 
0K {(p 3 tp=R, . Cp (Cp, < C) 
should be made as low as possible by decreasing Rg, the 
generator resistance. This can be done by ensuring that the 
transistor of the driving circuit is ‘on going’ when Cy and 
C are being charged. 
Fig. 6 shows two cascaded dividing stages, the second 
stage being the complement of the first. This connexion 
allows the least delay between the output pulse and its 


corresponding input pulse. 


Also for optimum operation: 
Vt = vp — (Av,/2) 





Experimental Results 


Safe division by 10 has been achieved with 100kc/s 
input square waves driving a circuit having the following 


1] 
—— —— 
' 


at 
Fig. 5. Last steps in voltage across C 


For p = 10, K = 0-9 and if E, = —12V: 
Av, = 0-47V 
Vp = 7°82V 
ve = 7-58V. 

Since v; and E; are directly proportional to E, small 
changes in E, do not change the optimum triggering con- 
dition and a highly stable h.t. supply is therefore unneces- 
sary. 

Departure from the optimum triggering condition can be 
caused by drift due to tem- 


values: 


MR, and MR, 
VT, 


GEX54 
OC45 
: OC140 
- 86pF 
1 00OpF 
1 OOOpF 
- 220pF 
2-7kO 
10kQ 
10kQ 
oo 


Cp 
4 
Cs 
Cy 
R. 
Rp 
R2 
Ri 
Ry 
R; 
RV 


(high stability) 


” ” 


(high stability) 


(wirewound). 


& 





perature in either the diode 
pump or the trigger circuit. 
Drift in v, and vpy-. results 
from changes in C),C, the 
forward and reverse resist- 
ances of MR; and MR, the 


i 


O- 





base emitter leakage current 
of VT; and Aevo. 

Changes in v; can be caused 
by variations of the base 
emitter voltage of V7; at 





alll: 
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which the trigger action com- 
mences as well as changes in 
E, owing to variations in the 
cut-off emitter currents of V7; and V7». 

It is only necessary in this application to maintain the 
triggering point within the safe limits Av,. One method 
of achieving this is to connect R; to the OV supply line and 
so adjust the change in the cut-off emitter current of V7: 
and hence E£; with temperature. In this way ™% can be 
adjusted to vary so that the triggering point is kept within 
the safe limits. 

The position of the triggering point varies when the fre- 
quency of the input pulses is changed. Leakage paths across 
C cause this and it is this consideration which leads to the 
choice of a practical value for C. 

The collector voltage e. is a suitable waveform for 
driving another dividing stage which is identical except 
for C,, C and C, which are all increased by a factor of p. 
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* 


ig. 6 Two cascaded complementary dividing stages 


C was reduced from 2 000pF in order to keep At less 
than Iusec. However, had an npn transistor been used 
in the driving stage, C could have been at least 2 000pF 
resulting in a decreased Aéco. Cp was connected in parallel 
with R» in order to speed up the regenerative transitions. 
Rise- and fall-times during the regenerative transitions were 
less than O-Susec for all waveforms. te was 6usec and Aéco 
was 1V. The circuit operated within safe limits over the 
temperature range 5 to 50°C with the potentiometer RV 
at a fixed setting. 

A series of similar cascaded stages of the type shown 
in Fig. 2, giving division by 10* from 100kc/s input square- 
waves operated satisfactorily. The value of C in the first 
stage was 2000pF increasing by a factor of 10 in each 
succeeding stage to 2uF in the last stage. Le. was negli- 
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gible in the second and subsequent stages. This circuit 
divides safely over the input frequency range 80 to 120kc/s 
between temperatures of 5 and 50°C with a fixed setting 
on each potentiometer and is being used in ground equip- 
ment associated with an airborne tape recording system. 


Other Applications 

If a constant current generator is connected to the input 
of the circuit shown in Fig. 2, the voltage across C will 
rise linearly until @co = ve when C will be quickly dis- 
charged and the linear charge recommenced. If the 
discharge current needs to be limited within the rating 
of the transistors a resistance of suitable value can be 
placed between C and the base of V7. A linear saw- 
tooth voltage is available across C. The period of the 
oscillator can be varied by adjustment of RV and is directly 
proportional to E;. When the potentiometer circuit is 
replaced by an active modulating stage of output resist- 
ance R:, a time modulator is formed. The time between 
the trailing edge of any output pulse and the leading edge 
of the next pulse is directly proportional to the modu- 
lating voltage E:. In either case the amplitude of the 
pulses available at the emitters will equal the modulating 
voltage. 

If the current generator is repetitively pulsed, an output 
pulse can be formed which is variably delayed with respect 
to the start of the input current pulse. It is necessary 
for the circuit to reset as a result of the input current i 
falling to zero and not by the discharge of C.. Hence 
the time-constant ft; should be sufficient to ensure that 
transistor V72 is always held on until i falls to zero. In 
order to more quickly reset C, the time-constant f can be 
reduced if necessary by replacing R2 with a diode. For 


An Automatic Switch Testing Jig 


With the development and increasing use of machines which 
produce articles in very large quantities, and of large flow-line 
production plants, a demand has arisen for reliable apparatus 
which will check the performance, measure, count and gener- 
ally exercise a control over these machines or plants. 

The General Electric Co Ltd has developed various static 
control equipments which make use of cold-cathode triodes, 
magnetic amplifiers and transistors, either separately or in com- 
bination. A typical application of such an equipment using 
cold-cathode triodes, is that employed on an automatic domes- 
tic-switch testing jig installed at the Witton Works of the 
Company’s Engineering Group. 

Designed and developed by the Company’s Laboratories at 
Witton, the jig is being used for testing individually the G.E.C. 
‘Clipper’ switches which are the latest addition to the ‘Mutac’ 
range of domestic switchgear. The equipment is capable of 
performing four separate tests on every switch to prove that: 

(1) The circuit is made with the switch in the closed 
position. 

(2) The switch does not break the circuit too early in 
its travel. 

(3) The switch does break circuit. 

(4) The switch will re-make the circuit, and the dolly will 
return to the ‘on’ position by itself from the point 
of break. 

The switches are tested at normal voltage and at 20 per cent 
over-current, at a rate of approximately one per second. Faulty 
switches are sorted and distributed to four separate bins and 
automatically counted. Satisfactory switches are fed to a box 
in front cf the machine. Logic circuits incorporating cold- 
cathode discharge tubes are used for detecting the various 
types of fault and for initiating the sorting movements, which 
are then carried out by a pneumatically-powered mechanism. 

The switches are loaded by the operator, into a channel 
type magazine, from which they are fed by a weight and 
pulley system into the testing position in the jig. Once loaded, 
the jig continues to test, without further attention. 

The method of using the cold-cathode tubes in this appli- 
cation is that of ‘ voltage transfer. In this system it is arranged, 
by means of rectifier gating circuits, that the presence or 
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the configuration of Fig. 2, the cathode of this diode is 
connected to C, and the anode to the junction of the 
emitters. With this connexion, however, R; must be con- 
nected as shown so that the diode is slightly biased in the 
forward direction after C. is recharged during the ‘ off’ 
state. t; is thus increased and ft decreased as follows: 


th ~ C. Rv (R; > Rp») 
ts = Cy. (Re + Ri) 


neglecting the forward resistance of the diode. 

A further arrangement would be the circuit of Fig. 2 
with C removed and the input terminals connected to a 
repetitive sawtooth voltage generator of suitable output 
resistance. The diode mentioned in the previous para- 
graph may be necessary to decrease f to a suitable value. 
When the generator voltage reaches EF, the circuit triggers 
on and stays on until the generator voltage falls quickly 
to zero and the circuit resets to its quiescent state. Out- 
put pulses are formed which can be varied in duration 
by E:, the trailing edges of these pulses being coincident 
with the rapidly falling voltage of the sawtooth generator. 

Silicon transistors may be necessary in some cases to 
achieve desired results. 
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absence of signals on intermediate tubes controls the passage 
of signals through the circuit; the tubes being connected in 
AND and oR gates as required. 


The complete automatic testing jig for domestic switches 
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The Use of the Silicon Resistor in the 


D.C. Stabilization of Transistor Circuits 


By D. H. Mehrtens*, B.Sc., and J. T. Zakrzewski*, A.M.Brit.I.R.E. 


A new method of stabilizing the d.c. operating point of transistors, using the silicon resistor, is 

introduced and its application to both small-signal and power transistors is expounded. Practical 

evidence is given to show that it is possible, with this method, to obtain constant collector current 
over the whole operating temperature range of transistors in the great majority of cases. 


(Voir page 666 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 674) 


N recent years the transistor has been rapidly replacing 

the thermionic valve in many applications, particularly 
where small size and low power consumption are required. 
There is every reason to believe that the rate of replace- 
ment will be maintained for some years to come, particu- 
larly as the outstanding problems of transistor manufacture 
and applications are overcome. 


This article deals with one of the most undesirable 
effects in transistors from the viewpoint of the applica- 
tions engineer, that of the variation of the d.c. working 
point with changes in ambient temperature—a phenom- 
enon which places a severe limitations upon the exploita- 
tion of the potential high efficiency of transistor circuits 
compared with thermionic valve circuits. 
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Fig. 1. Variation of resistance with temperature of the silicon resistor 


The usual methods of stabilization are well known and 
are dealt with fully in the literature’’*-*°. This article will 
deal with methods of using the silicon resistor for stabil- 
ization and to begin with the action of this device will be 
considered. 

The silicon resistor is a newly available component with 
a positive resistance-temperature coefficient of about 0-7 
per cent/°C. Fig. 1 shows the temperature/resistance 
characteristics of a typical sample. 

The positive temperature coefficient is produced by 
doping the silicon with impurity elements to such an 
extent that the silicon is in the saturation region over the 
temperature range of interest, ie. —50°C to +150°C. In 
this range the temperature is high enough to make the 
probability that all the impurity sites are ionized very 
great, but low enough for the probability that the valence 
band electrons have not enough energy to enter the con- 
duction band to be also very great. Hence the number 
of carriers is substantially constant over the temperature 
range, and thus the only factor which affects the resist- 
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ivity to any great extent is the thermal scattering of the 
carriers, which increases with rise in temperature in much 
the same way as in metals. Fig. 2 shows the simple band 
structure of an n-type semiconductor with impurity levels, 
all ionized. 

It can be seen that as E, < E;, the requirement that all 
the impurity levels be ionized, but that interband transi- 
tions are forbidden, is easily met. Fig. 3 shows a plot of 


‘ MMR Conduction band 


| Impurity level 
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Fig. 2. Band structure of a simple semiconductor 
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Fig. 3. Variation of charge density with temperature for a simple semi- 
conductor 


carrier density against the reciprocal of absolute tem- 
perature. 

Fig. 4 shows a typical characteristic of conductance 
against the reciprocal of temperature for n-type silicon. 
The saturation region is clearly shown. 


Methods of Stabilization 
GENERAL CONSIDERATIONS 
The main changes that cause a change in collector 
current are: 
(a) An increase in Io, the leakage current 
(b) A change in V»'e, the base-emitter voltage 
(c) A change in £8, the d.c. current gain of the tran- 
sistor. 
These changes usually cause the collector current to 
increase. 


It will be convenient to consider separately the stabi- 
lization of power transistors from that of ‘small signal’ 
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transistors, since different approaches to the problem are 
required for each type. 


SMALL SIGNAL TRANSISTORS 

The term ‘small signal’ transistor is intended here to 
imply the low power transistor such as that used for volt- 
age amplifiers, in which the dissipation at the collector 
does not appreciably increase the junction temperature 
above ambient. Also it is assumed that V»'e, the base- 
emitter voltage of the intrinsic transistor, falls with in- 
creasing temperature. 


SILICON RESISTOR CONFIGURATION 


This discussion refers to the use of the 
in the configuration of Fig. 5. 


silicon resistor 
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Fig. 4. Typical variation of conductance with temperature for silicon 


The action of the circuit is briefly as follows :— 


As the temperature rises, V»’. falls, and the resistance of 
the silicon resistor rises causing the voltage at the emitter 
of the transistor to rise in turn and correct for this effect, 
and also for the effect of Io’. 

Now it can be shown that Vy’. changes with tempera- 
ture according to the equation 

dVv'e " V v'e on Ez/q 
aT T 1 
at constant 


(Appendix equation (9)) 


emitter current, where E, is the energy 
gap of the semiconductor, and 7 is the absolute 
temperature. Surprisingly, such literature as is available 
on this subject, tends to quote a somewhat arbitrary value 
for this rate of change, of anything between —1-9mV to 
—2-6mV/°C, in spite of the availability of this simple 
relationship. 

It will be noted that if E,/q is greater than V»’e, the 
the value of dV»'./dT will be negative but will be posi- 
tive if Vie is greater than E,/g. The latter point does 
not appear to be widely recognized and will be returned 
to later. 

It can also be shown, by analysing the d.c. conditions 
of the transistor circuit and then considering incremental 
changes in the various parameters, that the change in 
resistance of the silicon resistor required for complete 
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stabilization is given by: — 

Rv+Re 
+ eS : 
; + > 1+f8 
OR; 7 F are T thy 
where R, is the d.c. base resistance, and changes in / 
assumed to have negligible effect. 


3 are 
In general there will be two cases of interest, namely : 


(a) When the terms containing 6/.. are small com- 
pared with the others. 





Re 
(Silicon resistor) 
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Fig. 5. Small signal stabilization circuit 
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Fig. 6. Variation of collector current for the circuit of Fig. 5: 
(a) No emitter resistor 
(b) Carbon emitter resistor 
(c) & (da) Silicon emitter resistor 


The equation then reduces to: 
dV» ” 2 
I. l 


(b) When the terms containing 4/..’ are not negligible, 
and thus no approximation is valid. 


bRe . (2) 


These two cases need separate attention if complete 
stabilization is to be obtained. 

In case(a)it can be seen that asdV,’./dT is a linear func- 
tion of temperature, it is necessary, for stabilization to be 
achieved that dR» should also be a linear function of 
temperature. Now the silicon resistor has an approxi- 
mately exponential response with temperature, as shown 
in Fig. 1, and thus as the temperature rises, with this 
device incorporated in the emitter circuit alone, the change 
in emitter resistance would exceed the required amount— 
thus J, would need to fall to balance the equation and the 
circuit would be over-stabilized. 

Thus when using the silicon resistor alone in the emitter 
circuit, stability will be obtained only over the range in 
which Re changes at an approximately linear rate with 
temperature. In case (b), where the full equation must 
be used, it may be possible to obtain complete stability 
over a much wider range, using the silicon resistor alone in 
the emitter, because in this case dRx is no longer required 
to be linear, but is required to increase at high tempera- 
tures due to the influence of the terms containing J’, a 
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requirement which is met by the basic characteristic of 
the silicon resistor. This point will be given further con- 
sideration later on. 
The results obtained in testing these arguments in the 
case when 4/.. is negligible are indicated in Fig. 6. 
The four curves show the change in collector current 
with temperature as follows: — 
(a) With no emitter resistor 
(b) With a zero temperature coefficient emitter resistor 
(c) With a silicon resistor in the emitter circuit 
(d) As (c) but with lower current at room temperature. 


Effects which should be noted are: the very low value 
to which the collector current falls at low temperatures in 
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Fig. 7. Variation of collector current for the circuit of Fig. 5:— 
Parallel carbon and silicon resistors in the emitter line 
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Fig. 8. Deviation from linearity of the silicon resistor characteristic 


case (a), the still large change in case (b) and the predicted 
changes in cases (b) and (c) where the characteristics have 
a level section in which the resistance of the silicon resistor 
changes in an approximately linear manner with tem- 
perature. 

In order to extend the level portion over the whole 
operating temperature range in this case, it is necessary 
for dRx/dT to be constant. It can be shown that if the 
silicon resistor is shunted by a carbon resistor (Rs) of the 
correct value, the relationship will be linear to a good 
approximation. It has been found that, for the particular 
silicon resistors used by the authors over a range —50°C 
to +150°C the value of the shunting resistor R, was given 
by: — 


hence, by deriving 6Rz from equation (2) the value of Rs 
may be obtained. 

It can also be shown that this value is equal to the mean 
resistance of the silicon resistor in the temperature range. 
Thus, the values of both the silicon resistor and shunting 
resistor required may easily be calculated. 

A graph obtained using a circuit with Rs selected in 
this way is given in Fig. 7, the remarkably high stability 
achieved is well evidenced. 
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It should be emphasized at this stage that accurate 
measurements of Ico’, Voie/I>, Ip/Io variations were made 
by the authors for these calculations. 

When the effects of 8/..’ are appreciable, it is possible 
to stabilize with a silicon resistor alone as follows. 

Referring to Fig. 8 the deviation from linearity of the 
silicon transistor characteristic is 5Rp. Now by calcu- 
lating the value of Rx from equation (2) 6Ra is obtained. 
If the calculation is then repeated using equation (1), and 





“Vv... 











SR CURRENT (mA) 


COLLECTS 
fe) 
_ -. ¥ERES —_ 


5 





(e) 50 
TEMPERATURE (°C) 


Fig. 10. Variation of collector current for the circuit of Fig. 9 
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Fig. 11. Circuit for the stabilization of power stages using a silicon 


resistor in the bias chain 


the increased value of 5Re obtained is equal to 6R.i+4Ro, 
stabilization will be obtained without the need for shunt- 
ing of the silicon resistor. These two calculations will 
also permit an estimate of the increase in value of the 
shunting resistor required when 4/0’ is intermediate be- 
tween the negligible and the appreciable categories. 


The stability of the first stage of a d.c. amplifier is of 
the greatest importance, as any drift in this stage is ampli- 
fied by the succeeding stages. Unfortunately, to minimize 
noise generation this stage is often operated at low cur- 
rents. This would lead, with the circuit shown in Fig. 5 
to the need for a silicon resistor of high resistance for 
stabilization. However, there is a method which may be 
employed to obviate this disadvantage, using the circuit 
of Fig. 9, in which it can be seen that an additional source 
of current through the silicon resistor is supplied via Rp. 

The method has the disadvantage that, unless a very 
high V.. is available and thus Rp» is large and approxi- 
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mates to a constant current source, the current through 
the silicon resistor will not be constant, and thus the 
collector current will vary, reducing the degree of stabil- 
ization. In Fig. 10 is shown the result obtained using 
such a circuit, designed solely from manufacturer’s data 
on the silicon resistor and transistor. 


POWER TRANSISTORS 

The d.c. stabilization of power transistors, particularly 
those used in output stages presents different problems to 
those presented by small-signal stages. The problem may 
best be discussed under two main headings, namely: 


(a) Class-A stages. 
(b) Class-B stages. 


The essential difference as far as stabilization is con- 
cerned is that under class-A conditions the quiescent 
emitter current is high, and under class-B conditions it is 
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Fig. 12. Variation of collector current under various conditions for the 
circuit of Fig. 11 
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Fig. 13. Circuit for the stabilization of power stages using constant 


current biasing 


low (often not much greater than /,.’, the theoretical mini- 
mum). It is easily seen that it is undesirable to place the 
silicon resistor in the emitter circuit, as it will absorb 
appreciable power, cause a substantial voltage drop, and 
in class-B stages it could not be by-passed. 

For these reasons, it was decided to consider the con- 
figuration shown in Fig. 11 in which the silicon resistor is 
included in the base bias chain. 

It can be shown that the resistance value of the silicon 
resistor is, 


(a) Approximately independent of the collector 


current. 
(b) Dependent on temperature in a complex manner. 


(c) Dependent on Ri, Re, and Vee in a complex 


manner. 
As a result, it is extremely difficult to arrive at an 


optimum resistance value for it. Fig. 12 shows the result 
of some attempts to solve this equation for class-A stages. 
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It will be seen that the results are poor compared with 
those for small signal stages. 

For the stabilization of Class-A stages, it has been found 
that constant current biasing leads to a requirement for a 
silicon resistor with a _ linear-resistance temperature 
characteristic (Fig. 13). 

The outstanding difficulty associated with this method is 
that effects due to changes in § are particularly severe, 
and may influence the value of 6 Ri. 

It is easily shown that the value of 6 R; required is 
given by:— 


‘i VV v'e 
8Ri = — ; 
I. 


if effects of Jo” are small. 

It is now appropriate to reconsider the equation for the 
change in base-emitter voltage (V»’.) with temperature 
(Appendix equation (9); quoted earlier). It has been 
noted that if Vy’. was greater than E,/q the change would 
be positive. This situation only appears to exist in grown- 


B + 68/8 (Ri + Ro + Rov’) 


Fig. 14 A stage which is self stabilizing under special conditions 
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Variation of collector current for the circuit of Fig. 13:— 
(1) under-stabilized 
(2) fully-stabilized 
(3) self-stabilized 
(4) over-stabilized 
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Fig. 15. 


junction transistors which normally have a high V»’. for 
normal currents. By putting 4R, of equation (4) equal to 
zero it can be seen that a positive change in V»’. would 
cause a drop in collector current and that this drop can 
be exactly balanced by the increase in collector current 
caused by the increase in £. 
This condition occurs when: 

SV ve - , . . , 

—s 8 = 88/8 R ignoring the effects of Ico 
c 


where R = (Ri + Ro + Row’) 
fee 
now R = — Vie 
| 
hence : 
bVv'e = 88B/B Vee — Vo'e) 
and is thus only dependent on the collector current in so 
far as it is a function of V»'.. Thus in design for the 
balance point only V.. need be considered. 
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A further method of stabilization usually applicable 
to class-A stages only, may be used if the stage may be 
biased at or near the point where V»’. is equal to E,/q and 
hence dV,’./dT is nearly zero. 

Consider the standard configuration of Fig. 14. 

The stage illustrated is self-compensating if it is biased 
such that dV,’./dT is slightly positive and balances the 
change in J, due to change in (. The last effect will usually 
be small, and the condition for stability is reached when: 

8Vv'e = (1/8). Rp. (68/8) 
where R, = (RiR2)/(R: + R:) + Pov’ 

In the constant current biased case the effects of d@/ 
are large, and as d3/{ tends to diminish at high tempera- 
tures it tends to correct for changes in J’. However, in 
this case the effect is quite small and compensates less 
well for the effect of J.0’. 


RESULTS OBTAINED FROM STABILIZED CLASS-A STAGES 


Some results obtained in practice using the above 
methods of stabilization with constant current biasing are 
shown in Fig. 15. 
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Fig. 16. Variation of collector current for the circuit of Fig. 
(1) under-stabilized 
(2) self-stabilized 
(3) over-stabilized 


14:— 


Curve (1) shows the collector current increasing with 
increase in temperature, In this case dV»’./dT is negative, 
as is normal for small signal transistors. Curve (2) results 
from the base-emitter voltage increasing with temperature 
to such an extent that it overcomes the effects of increas- 
ing current gain (8), and causes the collector current to 
decrease with increase in temperature. Curve (3) shows the 
optimum characteristic: in this case the effects of change 
in V»'e are being balanced by the change in @. Constant 
collector current over a wide temperature range is obtained 
and the characteristic compares well with that obtained 
for small signal transistors. Curve (4) shows the results 
obtained using a silicon resistor to stabilize the current, at 
a value at which the effects of changes in 8 are not large 
enough to balance changes in V»’e. It should be noted 
that the silicon resistor used had a resistance of 5002, 
demonstrating the fact that the optimum resistance values 
of the silicon resistor for low current stabilization are 
high. 

Fig. 16 shows results obtained using the conventional 
biasing method. 

Curve (1) exhibits the now familiar fall in collector 
current with temperature. There is little fear of thermal 
runaway in this case as no external temperature device 
is used for stabilization. Curve (2) shows a self stabilized 
circuit where the change in V»’. is almost zero, and only 
slightly positive thus correcting for the small effect of the 
change in 8 with temperature, as explained above. It will 
be noted that the effects of /..’ are in evidence as would 
be expected from the theoretical considerations outlined 
earlier. 
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It should be noted that the inclusion of a temperature 
sensitive device in a transistor circuit, does not, by itself, 
prevent thermal runaway, so that the two cases where the 
transistor is self-stabilizing are extremely important in that 
there is no fear of thermal runaway if the stabilization 
technique is correctly applied. 


THE STABILIZATION OF CLASS-B STAGES 

The stabilization of class-B stages has been found to 
present considerable difficulty, and while it is possible to 
achieve very good stabilization using the silicon resistor, 
compared with conventional methods, it has not been 
possible to obtain complete stability of collector current 
over the whole operating temperature range. In most 
cases of interest, constant current biasing cannot be used 
as the resistance of the silicon resistor would be imprac- 
ticably high. 

At a certain value of bias voltage dV»'./dT — 0 but the 
bias voltage of a class-B stage is usually selected for too 
low a value of /, to allow use of this fact in stabilization. 
In some cases, however, where high power transistors 
are concerned, it may be necessary to bias at relatively 
high currents to avoid crossover distortion and under 
this condition the method described for class-A stabiliza- 
tion may be applied. 

It would appear that the only practicable method for 
general application would be that of Fig. 11 employing 
a base resistor. The authors have obtained reasonable 
results using this method but feel that unless the relevant 
parameters are known to a high degree of accuracy, 
empirical methods will generally be used in these appli- 
cations. 


Conclusion 

It has been shown that, using the silicon resistor it 
should be possible to obtain constant collector current 
over the whole operating temperature range of currently 
available transistors, in the great majority of cases. The 
main exception would appear to be power transistors 
operated under class-B conditions. The important case of 
power transistors operating under class-A conditions, when 
the circuit is self-stabilizing and no external stabilizing 
device is required, has been dealt with at some length. 


The following transistors were used in the tests 
described : 

pnp germanium alloyed 

pnp alloyed 

npn silicon’ grown. 


There appears to be no reason why the methods derived 
should not be applicable to other types of transistor as 
well. 


silicon 


APPENDIX 


THE VARIATION OF BASE EMITTER VOLTAGE, 
TEMPERATURE 
It can be shown that the current across the base-emitter 
junction in a transistor is given approximately by the 
equation: 
I = (qDpeC/W) exp (— Ez/kT) exp (qVv'e/KT) .... (6) 
where qg = charge on carriers 
Dp = diffusion constant 
W = width of base region 
E, = energy gap of semiconductor 
k = Boltzmann constant 
T = absolute temperature 


V>'e, WITH 
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V's = intrinsic base-emitter voltage 
C = a constant 


for a pnp transistor, with a similar expression for npn 
transistors. Rewriting the above equation while keeping / 
constant: 

I, = A exp ((qVv'e/ KT) — (Ez/kT)) 


where A is a constant of the transistor = gD,C/W 
and 


In (1,/ A) = (QV v'e/ KT) — (E-/kT) 


differentiating V»’e with respect to T then: 


Y = (k/q) In (Io/ A) 
I, 


(assuming that E, ~ f(T)) 


i OV v'e a constant 
i.e. : — = = a constant. 
oT I 


now from equation (3) above: 


In (1,/ A) = (qVv'e/ kT) — (E,/ kT), 


. 
hence { ~ Vv : 
oT , 


hence if V»’. is in volts 
and E, is in electron volts (eV) 


OV v'e is in volts per degree. 
eT fi 

NOTE E, is not completely independent of temperature 

but the effect is small in the temperature range under 

consideration. Typical values for E, are: 


Germanium: 0:78eV 
Silicon: 1-leV 
Acknowledgments 
The authors acknowledge with thanks the permission 
granted by the Directors of E.M.I. Ltd to publish this 
article. 
REFERENCES 


. Wenster, W. M. On the variation of junction-transistor current-amplification 
factor with emitter current. Proc. Inst. Radio Engrs. 42, 914 (1954). 

. SHea, R. PF. Transistor Circuit Engineering. Chapter 3. (J. Wiley & Sons 
Inc. 1957). 

. WoLFENDALE, E. The Junction Transistor and its Applications. 
(Heywood & Co. 1958). 

. Wricut, C. Application of Negative Temperature Coefficient Resistors to 
Temperature Stabilization of Transistor Circuits. Proc. Instn. Radio Engrs. 
Australia 19, 374 (1958). 

. Pousnux, H. D. Temperature Compensating Networks. Electronic Radio 
Engr. 35, 373 (1958). 


Chapter 4. 





I.L.S. Installation at London Airport 


The completion of work on the first installations of the new 
STC Instrument Landing System at London Airport was 
announced recently. 

Designed and manufactured by Standard Telephones and 
Cables Limited, this equipment, known as STAN 7/8, was 
exhaustively evaluated by the Ministry of Aviation at Hurn 
Airport last year and has been ordered for installation at 
many major airports including Gatwick, Prestwick, Ringway 
and Renfrew. Overseas installation work is in progress at 
Brussels and Zurich. 

The STAN 7/8 represents a major advance in i.Ls. ground 
equipment techniques in respect of beam stability and equip- 
ment reliability. 

There are three main elements in the London Airport in- 
stallations: the localizer, for azimuth guidance; the glide path, 
for elevation guidance; and the monitoring and remote con- 
trol equipment for system supervision. No. | runway is 
equipped for landings from either direction and has two 
separate and independent sets of equipment. 

The localizer operates on any one of 39 channels within 
the 108-1 to 111-9Mc/s band and provides guidance in the 
gma plane (azimuth) with respect to the runway centre 
ine. 

The transmitter consists of two identical r.f. and modulator 
sections which feed two independent aerial arrays. The com- 
posite radiation pattern consists of two signal zones from the 
main ‘course’ array, plus two signal zones from the smaller 
‘clearance’ array, modulated at 90c/s and 150c/s and lying 
on either side of the runway centre line. The basic frequencies 
of the two coarse and clearance arrays differ by 9-5kc/s. 

The clearance pattern is, in effect, a rough guide to the pilot 
as to which side of the approach runway he is flying. Upon 
reaching the narrow ‘course’ radiation pattern his receiver 
takes up and indicates the information from this narrower and 
stronger beam. 

The clearance array provides non-ambiguous and useful 
navigational information throughout 360°, and in addition, a 
‘back course’ to facilitate navigation into the front course. 

Operated on any one of 21 pre-set channels, the glide path 
———— gives guidance information in the vertical plane 
elevation) to enable the aircraft to arrive at the correct height 
over the end of the runway. The r.f. and modulator sections 
of the glide path equipment are basically similar to a single 
section of the localizer transmitter. 

The composite aerial radiates, on a common frequency, two 
patterns modulated at 90c/s and 150c/s. This produces two 
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signal zones lying above and below and overlapping the 
desired glide path. 

The STAN 7/8 equipment employs a constant impedance 
double sideband mechanical modulation system. This modu- 
lator has considerable advantages over ethers in that, apart 
from its substantially constant input impedance; it is less 
—— and not subject to variations which may occur due 
to the ageing or failure of valves and other electronic com- 
ponents. 

The new STAN 7/8 Instrument Landing System differs from 
other static systems in having greater freedom from course 
bends resulting from site imperfections and from the dangers 
of radiating false course information. This is achieved by the 
use of an extremely narrow beam for course guidance and 
the clearance radiation pattern which effectively masks any 
reflections which may arise from secondary lobes 

In addition to these features, the overall system reliability 
is ensured by a comprehensive, fully transistorized fail/safe 
monitoring system linked to a refined, fully automatic change- 
over unit. 


An STC Instrument Landing System installation at London 

Airport: in the foreground is the ‘course’ aerial array (85ft 

wide by 12ft high) and in the background is the ‘ clearance’ 
array (9ft wide by 13ft high) 
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‘ISABEL ’ 


(Iso Status Accumulating Binaries using Extraordinary Logic) 


By J. A. Goss*, B.Sc., A.R.C.S. 


An improved logical arrangement of a decimal counter based on bistable elements is described. The 
advantages over usual methods are described, and the performance of various circuits using this method 
is given. 


(Voir page 666 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 674) 


‘ construct an aperiodic counter stage to operate in a 
radix (scale) of n, it is necessary to have a device or 
circuit which is capable of remaining in any one of -; stable 
states indefinitely, but can be switched successive’, through 
its nm states on receipt of input pulses. In orier to drive 
succeeding stages, a carry signal must be available when 
the state changes from (n-1) to 0. 

If n can be factorized into m, nm. .... a scale of n counter 
can be realized by cascading independent stages counting 
in scales of m, mz .... In the usual case of n = 10, the 


factors are 2 and 5. 
Active when in | state 
Outputs 


Active when in Ostate 





Set | _——e i 

Inputs Complement ——— 
Set O ° 

Bistable device 











(Active only 


Output when all inputs 
are active) 


(Active when 
oR Output any input is 
active) 


or gate 


Input —{_—+-— Output 


Delay device 
Fig. 1. Logical symbols 


Owing to the well defined ‘on/off’ characteristic of 
various electronic devices, circuits operating in a scale of 
2 can be readily. realized using standard components. To 
construct a symetrical ‘ring’ of n elements which is n- 
stable is unwieldy (increasingly so as n increases) unless 
each element is bistable independently of the state of the 
other elements. This is uneconomic since n elements will 
count in a scale of nm when arranged as a ring, but 2" as 
cascaded binaries. 

This situation has led to the universal adoption of radix 
2 for computers, and the realization of decimal counters 
either by constructing special 10 stable devices (e.g. Deka- 
trons and Trochotrons), or by modifying the intercon- 
nexions of four cascaded binaries. 


Existing Methods of Modifying Binaries to Scale of Ten 

Since m independent binaries have 2™ different states, 
four binaries are required to provide 10 states, and the 
circuit must be arranged to step through 10 of the possible 
16 states in one cycle. It is convenient to ‘ factorize’ the 
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system, i.e. have independent binary and scale of 5 circuits 
cascaded. 


FEEDBACK METHODS 

Fig. 1 shows the logical symbols used throughout this 
discussion; it should be noted that a bistable device with 
a ‘complement’ (change state) input contains implicitly 
two AND gates and two delays to provide the temporary 
store (‘steering’ circuits). A straightforward scale of 16 
cascaded binary counter is shown in Fig. 2. This may be 
conveniently divided by: the dotted line into a binary (left) 
and scale of 8 (right). It can be shown that to reduce the 8 
states to 5, two feedback paths are required. There are 
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Fig. 2. Scale of 16 
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Fig. 3. Scale of 10 (feedback method) 






































various logical arrangements of these feedback paths, one 
of which is shown in Fig. 3. The circuit counts in the 
normal binary scale until reaching 0111 (decimal 7); (note 
that in giving the state of the counter as a four digit binary 
number, the first digit corresponds to the state of Bs, the 
second to Bh, etc.). The 8“ input pulse changes B; to 1 and 
a pulse is fed back to reset B; and B, to 1, leaving the 
counter in the state 1110. Thereafter, normal binary count- 
ing proceeds and the 10 input pulse leaves the counter 
at 0000. 

The disadvantage of this system is that the resolution 
time of the decade is limited by the successive operations 
which take place at the 8 input pulse, all of which 
inherently take a finite time. Also the carry pulse is delayed 
by four binary. carry periods with respect to the 10™ input 
pulse. This is of no consequence when such decades are 
used as a totalizer, but is important in applications such 
as a digital time-base or delay generator. 


FEED FORWARD METHODS 

Feed forward methods involve controlling the switching 
of some binaries according to the state of the other, rather 
than the straightforward carry and reset connexions in Fig. 
3, One such method of constructing a decade is shown in 
Fig. 4. Assuming the binaries are initially at 0000, the count 
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It can be seen that flip- 








flop A requires to be ‘set 
ne 1’ on the next trigger 
pulse received whenever 
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the decade is in the state 
0, 3, 5 or 7. Hence the logi- 
cal function required for 
the flip-flop input A; is 
derived from the flip-flop 
states corresponding to 
decimal 0, 3, 5 or 7, i.e. 
ABCD+ABCD+ 
ABCD+ ABCD. Simi- 
larly the function for the 
4 A, gates is ABCD 
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ho = 
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Fig. 4. Scale of 10 (feed-forward method) 


follows the normal binary scale until 0011 (decimal 3). 
On the 4“ input pulse, the output pulse from B, is inhibited 
from complementing B:, but can pass through to the ‘set 1’ 
input on B;, and the decade is now in state 1010, ie. 6 
states of the normal binary count have been eliminated. 
The circuit thereafter counts in straightforward binary 
code and hence cycles on 10 input pulses. Note that the 
delay unit is logically necessary but in practice sufficient 
delay may be provided by propagation through B;. The 
delay time must be longer than the width of the differen- 
tiated output from B, but shorter than the period between 
such pulses. 

Although the number of successive operations which 
must take place within the resolution time has been reduced 
from four to one compared with Fig. 3 there is still the 
same delay of the carry pulse, and the physical construction 
of the gates will probably require more circuits than the 
feedback method. 


Logical Arrangement of ‘ Isabel’ 

The evolution of the feed forward method which uses 
a combination of cascaded binaries and routeing of trigger 
pulses according to the state of some binaries suggests a 
system in which a common trigger pulse is routed to all 
binaries according to their state. 

The logical arrangement of the general case of such a 
decade is shown in Fig. 5. The flip-flops A, B, C, D have 
only ‘set 1’ and ‘set 0’ inputs; ‘complement’ inputs are 
not provided (hence they cannot strictly be called binaries). 
Each flip-flop input is fed by an AND/oR gate combination; 
each AND gate having as its inputs the input pulse to the 
decade and the appropriate delayed outputs of the flip- 
flops. Such a decade is capable oi counting in any 4 bit 
code, and the required inputs to the gates can be found by 
inspection of the code. For example, consider the arbitrary 
code in Table 1. 
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ABCD + ABCD 
ABCD, and so 
on. 

At first sight this system apears complex and uneco- 

nomical, but considerable simplification is possible. 
It should be noted first that although the delay units 
shown are logically necessary, sufficient delay can be pro- 
vided in practice by the propagation time through the 


Fig. 5. Logical arrangement of ‘ Isabel’ (general case) 
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flip-flops and the physical arrangement of the gates, with 
no additional circuits. 

Secondly, although the logical expressions for the gate 
inputs given above are sufficient, there is some redundancy, 
and the necessary expressions may be considerably simpli- 
fied. For example, consider the expression for Ai: 

Ai= ABCD+ABCD+ABCD+ ABCD. 

Any combination which does not occur in the decimal 
code may be added to the right-hand side without affecting 
the function in practice. Hence, adding ABC D+ABCD 
+AB€D+ABCD and grouping terms: 

Ai=ABCD+ABCD+ ABCD+ABCD+ 
ABCD+ABCD+ ABCD+ ABCD 
= A[BC(D + D) + BC( + D) + 
BZ(~ + D) + BC( + D)] 
= A[BC+BC+BC+ BC] 
= A[BIT +O) + BC +O) 
= A [(B + B)] 


i.e. the gating requirements for the A, flip-flop input have 
been reduced from four AND gates each with five inputs 
feeding an or gate to a single 2 input AND gate. Although 
the other expressions for the code above do not simplify 
so radically, by suitable choice of code it is possible to 
obtain functions which are all of a form requiring only a 
single 2 or 3 input AND gate in each case (no or gates being 
required). Such a code is shown in Table 2. 


The sufficient gating functions in this case are: 
o = Cc. = Pp 
Ai = BC G=D 
B, = AC D, = C 
B; = CD D:i= AC€ 


and the required logical arrangement is shown in Fig. 6. 
Other advantages of this code are: 


(a) One flip-flop (A) changes from 1 to 0 only when 
the decade changes from decimal 9 to 0 and hence 
provides a carry signal to succeeding decades with- 
out further complication. 


(b) No flip-flop is required to trigger faster than half 
the input frequency, 


(c) This code is the nearest approach to a ‘unit 
distance ’ code possible for a 4 bit decimal code, 
i.e. at the most steps only one flip-flop changes 
state, and never more than two. This eases trigger 
power requirements in the physical system. 

A disadvantage of this code is that it is not weighted, 
i.e. a voltage analogue of the decimal number cannot be 
derived from a weighted sum of the flip-flop states. This is 
preferable where the stored count is’to be indicated on a 


TABLE 2 
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Fig. 6. Logical arrangement of ‘ Isabel’ (practical case) 





meter, but in the application envisaged for ‘Isabel’ de- 
coding to ‘1 out of 10’ is required, and a decoding matrix 
for this purpose is equally complex whatever code is used. 

Advantages of the ‘ Isabel’ system in general are: 

(a) The carry delay time is reduced to the delay of one 
gate and one flip-flop. 

(b) Only two types of ‘ building blocks’ are required; 
there are no requirements for special items such 1s 
reset driving stages necessary in a high speed feed- 
back system. 

A disadvantage is that more trigger input power will 
probably. be required to drive eight gates compared with 
the complement input to a single binary. 

A compromise may be effected by arranging a decade as 
a cascaded binary plus scale of 5 ‘ Isabel.’ In this case the 
trigger input to the decade feeds only the single binary, but 
the carry delay time is increased by a factor of 2. 

A suitable code is shown in Table 3, where A is the 
binary, and B, C, D form a scale of 5. The gating functions 
required for the scale of 5 are: 

Bo = € m= C 
C.=D 
D:; = BC. 


TABLE 3 
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Physical Realization of Isabel Logic 
The units required are: 

(a) A bistable flip-flop with ‘ set 0° and ‘set 1° inputs, 
and normal and inverted outputs with well defined 
voltage levels each capable of driving up to two 
AND gate inputs. 

(b) An AND gate accepting as inputs one or two flip- 
flop outputs and the trigger input, preferably 
including a controlled delay on the inputs from 
flip-flops, and negligible delay on the trigger input. 


Transistor circuits only will be considered. 
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Fig. 7. Basic 
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Fig. 8. High speed flip-flop 
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* Resistance logic * 


Fiip-FLops 
The design is conventional, shown basically in Fig 7. 
A ‘defined current’ circuit gives insufficiently controlled 
output levels in this application, hence a *‘ defined voltage ’ 
configuration is used, The relatively positive output level ts 
well defined by the bottoming voltage of the transistor con- 
cerned. The negative output level depends on load current, 
but is sufficiently defined for this application; clamping 
being unnecessary. 
“Set 1’ and ‘set 0° inputs are by positive pulses via 
diodes on to the bases. 
For a given transistor type, speed can be increased by: 
(a) Avoiding transistor saturation by suitable non- 
linear negative feedback on each transistor. 
(b) Reducing the base voltage swing by placing a diode 
across the base-emitter junction (in the opposite 
sense). 


A flip-flop incorporating these refinements is shown in 
Fig. 8. 
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. Reversible * Isabel’ 


AND GaTES 


The requirements of the gates suggests the use of 


‘resistance logic,’ since a maximum of two inputs plus 
trigger is required and a delay on the inputs from the flip- 
flops is necessary. Such a gate is shown in Fig. 9. 

If the decade is quiescent, inputs Y and Z will be at 


either zero or —12V (approx.), according to the state of 
the flip-flops feeding them. Hence the output will be at 
zero, —6V, or —12V. If a positive pulse or step of ampli- 
tude say 4V is now applied to input X, the output will rise 
to +4V, —2V or —8V respectively. Only in the first case, 
i.e. when both inputs Y and Z are at zero (active), would 
a flip-flop connected to the gate output be triggered. 

Note that after the Y and/or Z inputs have changed 
state, the gate output settles to the new potential with a 
time-constant CR, and this provides the effective delay 
required, There is of course no delay of a positive step 
applied at X. 

Gates requiring to be fed from only a single flip-flop 
output (plus trigger pulse) use only a single resistor of 
value R. 

By using this circuit for the gates, the only additional 
components required by ‘ Isabel’ compared with four cas- 
caded binaries with steering circuits (scale of 16, as Fig. 2) 
are 4 resistors. 


Performance of Practical Circuits 
DECADE ‘ ISABEL’ USING MEDIUM SPEED SWITCHING 
TRANSISTORS 

The target specification was a reliable decade operating 
up to an input frequency of 1-2Mc/s, and development 
commenced with this configuration using OC42 transistors. 
On a prototype unit a maximum input frequency of 1-8 
Mc/s was obtained. The flip-flop circuit was as Fig. 7 with 
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the addition of base clamp diodes. The above frequency 
limit was, however, only obtained by critical adjustment of 
the input pulse amplitude and mark-to-space ratio, and the 
rise-time required on the trigger pulse was considerably 
shorter than the output from the flip-flops. Since shaping 
Stages would thus be required between cascaded decades of 
this type, it was considered that a binary plus scale of five 
‘Isabel’ would be a better configuration, in which case the 
shaper requirements are eased, and the shaper is contained 
within the decade. 


BINARY PLUS SCALE OF FIVE ‘ ISABEL’ USING MEDIUM 
SPEED TRANSISTORS 

Using similar flip-flops to those described immediately 
above, a binary divided correctly at input frequencies up to 
3‘0Mc/s, and a scale of five * Isabel’ with optimum input 
pulse to 2-0Mc/s. Cascading these circuits and coupling 
with a reasonably economical shaper (using a single 
OC140), a maximum input frequency of 2:1Mc/s was 
obtained. 

Sixteen such decades have since been constructed using 
unselected transistors and diodes, with 10 per cent tolerance 
resistors and capacitors throughout. Maximum input fre- 
quencies ranged between 1-7 and 2°5Mc/s, and at 1-2Mc/s, 
all units functioned correctly with either supply rail varied 
+ 50 per cent at ambient temperatures up to 55°C. 


BINARY PLUS SCALE OF FIVE ‘ISABEL’ USING HIGH SPEED 
SWITCHING TRANSISTORS 

By using micro alloy. diffused base transistors type 2N501 
in the flip-flop circuit shown in Fig. 8 (but with ordinary 
low frequency diodes), a maximum input frequency of 
23Mc/s was obtained under ideal conditions. At the design 
maximum of 12Mc/s similar tolerances to supply voltage 
variation and temperature were found to those given above. 


A High Speed Line Printer 


The new high speed line printer manufactured by The 
National Cash Register Co Ltd, can be directly coupled to a 
computer or used off line. In the latter case, it prints infor- 
mation previously recorded on either magnetic film (as pro- 
duced by National-Elliott 405 and 803 electronic data pro- 
cessing systems) or magnetic tape. 

_ The equipment consists of three intercoupled units, contain- 
ing: 
(1) Printing and paper feed mechanisms. 
(2) A set of thyratron valves which, in association with 
capacitors and solenoids, activate the printing devices. 
(3) A buffer which reads the magnetic film and sends in- 
structions to the thyratrons. 

Its nominal speed is over 600 lines/min. This rises consider- 
ably when printing is restricted to numerals alone. Models 
now being installed in the U.S.A. can print alpha-numerical 
information at up to 900 lines/min. 

Each line usually contains up to 80 characters in any of 
120 printing positions. But 120-character lines can be printed 
without difficulty or modification to the equipment. 

The typeface is mounted on continuously rotating wheels. 
There are 120 of these, one for each printing position. Each 
wheel carries the full range of 56 letters, numerals and sym- 
bols. The wheels are keyed to a common shaft, forming a 
cylinder with 56 horizontal rows of identical characters. 

The continuous web of paper passes between the wheels 
and a corresponding series of hammers which knock the paper 
against the type when the characters required are in the 
printing position. The hammers are actuated by the thyratron 
valves, according to signals received from the buffer unit. 
Type impressions are made via a carbon ribbon. 

Before each line of type is printed, 80 characters are read 
through the magnetic film and stored in the buffer memory, 
where they are repeatedly scanned until every character has 
been printed. The machine then reads another block of 80 
characters while the paper is automatically advanced to the 
next printing position. Lines containing between 80 and 120 
are printed in two parts. 
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Reversible Decade 


The method of routeing trigger pulses in a decade 
‘Isabel’ suggests that by the addition of a second set cf 
gates a reversible counter can be constructed. The logic 
diagram is shown in Fig. 10. 

Gates Ar, Aor, etc., are fed by the ‘trigger F’ line. 
Gates Air, Aor, etc., are fed by the ‘trigger R’ line and 
logical functions necessary to step the flip-flops in a 
descending decimal scale. Hence a pulse on the ‘trigger F’ 
line increases the count by 1, and a pulse on the ‘trigger R° 
line subtracts 1. 

Such decades may be cascaded by deriving ‘ carry” and 
‘borrow’ signals from the logical functions: 


A changes from 1 to 0 when B=0 
A changes from 0 to 1 when B=0. 


Carry 
Borrow 


A low speed reversible decade using this system has been 
constructed using OC71 transistors (flip-flop circuit as in 
Fig. 7). The maximum input frequency is approximately 
10kc/s. 


Conclusions 

The results obtained from a representative number of 
the 1:2Mc/s decades, and prototypes of the 12Mc/s unit 
indicate that with a given transistor type and component 
cost a more reliable and flexible decade can be constructed 
using the ‘ Isabel’ configuration than the feedback or feed 
forward methods. 
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Vertical format is controlled by an electronic unit which 
reads instructions pre-punched into an easily-changed loop of 
plastic tape. Horizontal format is controlled by electrical 
connexion units, individually selected by signals recorded on 
magnetic film. Four of these units are plugged into the printer 
before a job starts. 

The machine handles normal weights of paper as used in 
punched card machines and tabulators. The maximum form 
width is 22in (12in printing line) and the maximum depth 
22in. Line throwing is done at the rate of over 4.000 lines/min. 


The NCR high speed line printer 
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An Improved Automatic Method for 
Measurement of Ionospheric Absorption 


By L. Thomas*, Ph.D. 


lonospheric absorption has been measured at University College of Swansea by an automatic 


method during the 1.G.Y. 


cording the mean echo amplitude over an interval of about one minute. 


The equipment described is an improvement of an earlier model re- 


The whole system 


is synchronized to one pulse per second trigger voltages thus providing improved compensation 

for background noise signals and the minimum interference with other services. The general per- 

formance of the equipment is discussed and a comparison made between automatic measure- 
ments and those made by the standard manual method. 


(Voir page 666 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 674) 


N this article a brief description is given of an equipment 
which has been used to make routine vertical incidence 
measurements of ionospheric absorption at Swansea during 


the International Geophysical Year. 


Early methods of automatic recording of signal strength’ 
suffered from difficulties associated with the rapid fading of 
the signal. In order to overcome these difficulties Farmer’ 


designed an apparatus which 
integrated the echo amplitude 
over a time interval long in 
comparison with the fading 
period. At the end of this in- 
terval the integrated voltage was 
registered on a recording gal- 
vanometer. A development of 
this system was introduced by 
Jenkins and Ratcliff’ who made 


grators is applied to a pen recorder and represents the mean 
echo amplitude over this period. 

The location of the observation site made it imperative 
that special steps be taken to ensure minimum interference 
with other services, For this reason transmissions at the 
rate of one pulse per second were used. The transmitter, 
gate generator, time-base and time-base calibration circuits 


Crossed 
dipoles 


YRhombic 





MODULATOR 


OSCILLATOR INTEGRATOR 








ahh 





GATE 


~ 
GENERATORS 


TIMING 
SwiTcH ROER 


GATED 
POLARIMETER 
AMPLIFIERS 

















if 
4 





use of an improved form of '/sec 
. °° TRIGGER 
integrator. In addition a com- 








CALIBRATION 


DESENSITIZER | 











RECEIVER INTEGRATOR 











PULSES 

parison unit compensated for 
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been developed providing con- 
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niques can be based on 

measurement of echo amplitude, logarithmic echo ampli- 
tude, or echo power. In the present work it was decided to 
make use of automatic amplitude measurement. This offers 
the advantage of simplicity. in design and is directly related 
to the widely used manual method of measurement®, It 
was necessary to compensate for the disturbing influence 
of noise signals which was often serious. The equipment is 
based on the system used by Jenkins and Ratcliff but in 
an improved form. 


General Principles 


The principle of the recording system has been fully dis- 
cussed elsewhere® and will not be described in detail here. 
The output from the receiver is passed through two gated 
amplifiers to two similar integrators and the gate generating 
pulses are adjusted such that one integrator receives the 
echo signal together with background noise and the other 
receives a sample of noise. After integration over a period 
of about one minute, the difference in outputs of the inte- 


* Formerly University College of Swansea; now at the D.S1.R. Radio 
Research Station, Slough. 
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were synchronized to one pulse per second trigger voltages 
derived from the a.c. mains through a count down cricuit. 
The low repetition rate makes it possible for the comparison 
gate pulse to be exactly 1/50 of a second later than the 
echo gate pulse, thus giving exact compensation for the 
mains-locked noise. 


From experience gained with the equipment of Jenkins 
and Ratcliff it has been possible to effect a number of 
improvements in the circuits. In particular, variations in 
the peak amplitude of short noise signals could cause the 
operating point of the gated amplifiers to wander in an 
uncontrolled manner. This effect has been eliminated by 
replacing the resistance-coupling circuits in the gated ampli- 
fier unit by direct coupling. This alteration also obviated 
the need to limit the output of the receiver and to de- 
sensitize it during the emission of the radio frequency 
pulse. 

The integrator circuit used is again that of Williams and 
Ritson’. The integrating capacitor is chosen to give the best 
compromise between adequate output from the integrator 
and freedom from saturation when large signals are 
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Fig. 2. The gate generators and gated amplifiers circuit 
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supplied. With the small rate of input given by the one 
pulse per second system this involves decreasing the inte- 
grating capacitors from the 8uF values used by Jenkins and 
Ratcliff to 1uF. The balance and linearity of the two inte- 
grators have been carefully checked for the operating 
period of 58sec. It was essential to use very high quality 
capacitors and resistors and identical mechanical layouts. 
The timing circuit of Jenkins and Ratcliff has been replaced 
by a Venner clock driving two switch contacts. The first 
contact operates a relay applying the difference in integrator 
output voltages to the pen recorder at the end of the inte- 
grating period. Two seconds later the second contact acti- 
vates a relay resetting the integrators to zero. 

The block schematic diagram of the modified overall 
equipment is shown in Fig. 1. 


The Transmitter 

The low duty factor makes it possible to use a com- 
paratively small h.t. transformer and a compact layout of 
the components of the transmitter. Three such transmitters 
are incorporated in a single post-office rack. Each consists 
of a self-oscillator of the Hartley type using a CV398 valve 
operated under class-C conditions. It is necessary to shunt 
the variable tuning capacitor with a suitable fixed capacitor 
in order to match the low impedance of the valve and mini- 
mize harmonic content. A series of plug-in coils provides a 
wide frequency range. The peak power is about 3kW. 

The pulse generator consists of a suppressor-triggered 
phantastron valve driving a pulse forming multivibrator. 
Grid modulation is employed. 

The transmitting aerials are vertical rhombics terminated 
in 800{2 non-inductive resistors. 


The Receiver 

The signals are received on a communication receiver 
suitably. modified for pulse reception. This involved adjust- 
ments of iff. bandwidths and time-constants, and discon- 
nexion of the a.g.c. line. 

Two dipoles are employed, These are placed along the 
perpendicular sides of a right-angled triangle and are 
resonant at a frequency of 2-2Mc/s, which is half way 
between the operating frequencies of 2:0 and 2°4Mc/s. 
Because of the inconvenient lengths it has been necessary 
to employ inductive loading at the ends of these aerials. A 
phase change of 90° is introduced in the feeder from one 
of these aerials, to provide a circularly polarized system 
selecting the ordinary ray. The suppression of the extra- 
ordinary component is not complete because of the end-to- 
end arrangement and the coupling with other aeriaf systems. 
but the differentiation between the o and x signals is quite 
adequate. 


The Recording System 

The gate generators and gated amplifiers circuit is given 
in Fig. 2. 

The phantastron circuit V; provides a trigger of variable 
delay relative to the one per second pulse input. This 
trigger initiates the monostable multivibrator circuit V4, the 
pulse from which is used to operate the first gated amplifier. 
This pulse also serves to trigger the second phantastron V; 
which is adjusted, by means of the preset SOk© potentio- 
meter, to introduce a delay of 1/50" second before initiat- 
ing the second multivibrator circuit V;. The positive going 
pulses from V, and V; are clipped and amplified in V_ and 
V; respectively, these valves being normally biased beyond 
cut-off. The anode loads of these two valves form the grid 
resistors Of Vs, and Vo». These valves are normally taking 
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grid current, the strapped anodes of Vs and Vs. having 
very low voltages. No amplification of the receiver signal is 
possible. With the arrival of pulses at the grids of Vs, V:. 
the grids of Vea, Vo» are taken below cut-off, the anodes of 
Vey and Voa rise towards + 300V and the receiver signal is 
amplified for the duration of the gate pulses. The outputs of 
these gated amplifiers are taken to a cathode-follower valve 
for monitoring purposes and through d.c. restorer circuits to 
the integrators. 

The pedestal voltages appearing at the anodes of Vs» 
and V», are balanced by arranging that these two stages 
have equal gains and the pulses have equal widths, In order 
to satisfy the first condition, the drive pulse from V, is used 
as a trigger for both gated amplifiers by means of the switch 
S. The 50kQ potentiometer in the anode circuits of Ven, Voa 
is then adjusted to give equal integrator outputs. The switch 
S is returned to the normal working position and the SO0k22 
potentiometer in the grid circuits of V4, V; is also adjusted 
to give equal integrator outputs, indicating gate pulses of 
equal width. 


The Display Chain 

The time-base circuit for the photographic tube is shown 
in Fig. 3. A similar circuit produces the time-base for the 
visual presentation, apart from some component changes to 
provide greater spot speed and flexibility of phase control. 

The trace of the photographic tube is intensity modulated 
by the output of the receiver and height calibration marks 
derived from a 3kc/s Hartley oscillator synchronized to 
the one second pulses. This presentation is recorded on 
35mm film providing a permanent record of echo height. 

The actual display of the monitor tube can be selected 
by. means of a three-way switch. In the first position the 
echo pattern is displayed as Y deflexions. In the second 
position the same pattern is shown using a more contracted 
time-base which is convenient for normal monitoring. The 


Fig. 4. Arrangement for calibration of recording system 
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overall recording system 

it is necessary to apply 

known signals to one of 

the gated amplifiers. In the absence of a pulsed signal 

generator it is essential to desensitize the receiver during the 

period of the comparison gate, The system employed is 
represented in the block schematic diagram of Fig. 4. 

A one per second desentisizing pulse of variable duration 
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and phase holds the suppressor grid of the first r.f. stage at 

120V, thus preventing the passage of the signal during 
the comparison gate. This switching at the early stage of the 
receiver ensures that the comparison gated amplifier will 
receive the greater part of the receiver noise. In practice, 
with zero input from the signal 
generator the difference in out- 
put from the integrators is zero. 

A series of calibration curves 
is drawn for each frequency 
and check measurements car- 
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ried out regularly. An example 
of such a curve is shown in 
Fig. 5. The receiver gain is 
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effective median or mean input can be read from the cali- 
bration curve. 


Performance of Equipment 
GENERAL 

This equipment has been used to make measurements of 
ionospheric absorption on a routine basis since November 
1957. A sample of the pen recording obtained is shown in 
Fig. 6. 

After the initial adjustment and to balance integrator 
drifts 1nd pedestal voltages, the equipment could be left un- 
attended for six or more hours. Rigorous and frequent 
checks on integrator and receiver drifts showed that these 
factors could be neglected. 

The introduction of d.c. coupling in the gated amplifier 
stages has removed many of the difficulties associated with 
the earlier model of Jenkins and Ratcliff’, and the use of a 
repetition rate of one pulse per second has improved the 
compensation for background noise and has eliminated 
complaints of interference, In the system described by Bow- 
hill, Bulman and Mittra‘, difficult and critical conditions 


Fig. 8. Mean echo-amplitades measured on 2-4Mc/s using the automatic 
method at Swansea and the manual method at Slough 
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have to be satisfied in the design of the circuit. The design 
requirements and the setting-up procedure in the present 
arrangement have proved to be both simple and stable. 


The receiver incorporated in the present equipment does 
not satisfy the requirements for accurate pulse amplitude 
measurements as given by Piggott’. These defects cause 
most of the curvature in the calibration chart, Fig. 5. How- 
ever, it is clear that the system does provide a convenient 
method for making pulse amplitude measurements and 
requires the minimum of attention. 


COMPARISON WITH MANUAL METHOD 


Simultaneous measurements of average echo amplitude 
over periods of one minute have been made on several days 
at Swansea using the automatic equipment and a standard 
manual equipment fed from a separate but nearby set of 
aerials. A sample of the results obtained is shown in Fig. 7 
which gives the observations on 2-4Mc/s between 11.00 and 
12.00 G.M.T. on 2 January, 1959. The automatic readings 
give the mean echo amplitude over 58sec and the manual 
readings are the mean of six measurements made at 10sec 
intervals during the corresponding minute interval. The 
variability of the manual observations indicates that the 
standard deviation for a single random measurement would 
be 35 per cent. Since there are six samples in a manual 
measurement the sampling error is 14 per cent. The corre- 
sponding error for the automatic measurement is 8 per cent 
compared with which the inevitable small reading errors 
are negligible. The minute to minute changes of the 
measurements made on the two equipments give an 
apparent correlation coefficient of 0-75; after allowing for 
the known sampling errors® given above this figure becomes 
0:95. The lack of correlation at certain periods such as 
11.34 to 11.39 G.M.T, can be attributed to interference 
preventing accurate manual measurements. 

A comparison of measurements on 2:4Mc/s taken using 
the automatic system at Swansea and the manual method at 
the D.S.I.R. Radio Research Station, Slough, is shown in 
Fig. 8. The values represent the mean amplitudes for inter- 
vals of 15min near noon in the period 13 November, 1958 
to 17 December, 1958. This sampling time of 15min is 
necessary to minimize inaccuracies due to focusing effects 
of the ionosphere. The correlation coefficient of 0-72 found 
in this examination can be compared with the value 0-85 
found by Beynon and Davies” for winter months in their 
study of manual observations on 2-0Mc/s at Swansea and 
Slough. However, it must be noted that during the author's 
period of observations the mean value of f,.E at noon, 
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3-0Mc/s, was rather near the operating frequency, 2°>4Mc/s, 
and that the h’-f pattern for the E layer showed the presence 
of variable ledges which could seriously modify the local 
reflection conditions. Moreover, the times at which the two 
measurements were actually made differed by up to an 
hour. In these circumstances the apparent value, 0°72, 
high as could be reasonably expected. 


is Ps 


Conclusions 

The examples given above form part of an extended 
investigation to compare the performance of this improved 
automatic method with that of the standard manual method 
of measurement. From this comparison it is concluded 
that, in general, measurements by the automatic method 
are consistent with those by the manual method and have 
greater accuracy under conditions of external interference. 
In addition, the improved method offers the many advan- 
tages of an automatic system, particularly during a pro- 
gramme of routine measurements such as that of the 
International Geophysical Year. 
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A Regulated Power Supply* 

The circuit described will maintain a substantially constant 
output voltage despite input voltage changes of +10 per cent 
and load current changes of +10 per cent. Rectification of the 
alternating current is achieved with two silicon controlled 
rectifiers and the gates of the rectifiers are controlled via 
saturable reactors. 


DESCRIPTION OF SINGLE PHASE CIRCUIT 


The silicon controlled rectifiers are fed from windings N,P 
as though they are rectifiers in a centre-tapped circuit. 

Assume that the anode of silicon controlled rectifier 1 is 
positive from 0° to 180° and anode of silicon controlled rec- 
tifier 2 is positive from 180° to 360.° The winding A is 
arranged to produce a trigger pulse at F between 0° and 180 
ic. when the anode of silicon controlled rectifier 1 is positive. 
Thus silicon controlled rectifier 1 will conduct from the in- 
stant of triggering until 180° (when the anode potential is 
zero). Similarly, winding B will produce a pulse at G at some 
— between 180° and 360° and the current will flow until 
360° 

It is essential that gate pulses are not produced when the 
corresponding anode is negative (i.e. non-conducting) or the 
silicon controlled rectifier will be damaged. The diodes MR, 
and MR, ensure that unidirectional currents flow through the 
gate resistors (1002 each). 


FIRING CIRCUIT 


Consider the circuit of winding A. If SX. is unsaturated the 
‘winding R will have a high impedance and a small amplitude 
of half-wave current will flow through the diode MR, and 
the 1002 resistor. If SX: is saturated at any time during this 
current flow the winding R will have a low impedance and the 
current through MR, etc, will rapidly rise to a large value 
and a trigger pulse will appear across the 1002 resistor. 

The instant of triggering will depend on the flux level which 
will be controlled by the current in winding R. 


FURTHER CONSIDERATIONS 


Since the current in winding R is unidirectional the core 
of SX, will need to be reset and this can be achieved by 
winding Q which drives a unidirectional current through MR 
Similarly winding M and its load is provided as an image for 
winding K. Diodes MR, and MR, conduct alternatively and 
diodes MR; and MR, conduct alternately. 
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help in the construction of this equipment was provided by 
Mr. T. B. Jones, and Dr. D. M. Parkyn who was also 
responsible for the count down circuit. Finally, the author 
is indebted to Mr. W. R. Piggott, of the D.S.LR. Radio 
Research Station, Slough, for valuable discussions on the 
presentation of this paper. 
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National Committee for the International Geophysical 
Year. 
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CONTROL WINDINGS 

The control windings / and U are in series and produce a 
steady flux in the saturable cores SX, and SX, which is pro- 
portional to the steady current in the windings. 

_ The reference windings T and H produce a constant flux 
in the saturable cores. 

These two fluxes are compared by means of the core and 
the resultant flux (which controls the firing-pulse position in 
time) will rise or fall as the output voltage rises and falls 
and acts in such a way that the output voltage of the unit 
is constant and unaffected by variations in the load current. 

The control windings S and J act in a similar manner and 
compensate for changes in the supply voltage. 


Regulated power supply circuit 
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Signal Magnetic Amplifiers in Transistorized Systems 
AuTO-SELF-EXCITED MAGNETIC AMPLIFIERS 

IG. 18 shows the basic circuit of a type of d.c. to d.c. 

magnetic amplifier which has been used in an otherwise 
transistorized system where neither the zero stability nor 
the output voltage level of a required stage of amplification 
could be met by a transistor amplifier and where the use 
of a valve amplifier would have reduced to a lower order 
the overall robustness and reliability of the system. This 
circuit comprises two auto-self-excited magnetic ampli- 
fiers” whose outputs V; and V2 are combined in a series- 
summing network (Ri, Ro, Ri) to provide a push-pull d.c. 
output. 


+ 





Fig. 18. Series-summed push-pull d.c. to d.c. auto-self-excited magnetic 
amplifier 


The output circuit and output voltage of one side of 
this amplifier are identical in form to those of the full- 
wave flux-reset magnetic amplifier of Fig. 8, but in this 
case the control voltage or current (/.) is applied directly 
to the transductor control winding and the cores need not 
be composed of rectangular loop material. 

In an auto-self-excited magnetic amplifier the minimum 
flux density in a core, which again determines the firing 
angle (equation (11)), is established, not by imposing a 
resetting voltage across the control winding as in a flux- 
reset magnetic amplifier, but by impressing a controlling 
magnetizing force on the core. This control magnetizing 
force is proportional to the mean value /, of the current 
in the control circuit. 

Owing to the high inductive impedance of the control 
circuit (at least one of the cores embraced by the control 
winding is unsaturated at any instant), the response time 
of an auto-self-excited magnetic amplifier is usually of 
the order of 10 cycles of the supply. This long response 


* The General Electric Company Limited, Stanmore, Middx 
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time, however, goes with high power gain (e.g. x 10°) 
owing to the effect of the control current being integrated 
over a number of cycles of the supply. The (power gain x 
bandwidth) product of an auto-self-excited amplifier would 
be similar to that of a flux-reset amplifier with the same 
transductor elements. The auto-self-excited amplifier can 
provide isolation of input and output circuits and good 
zero stability (of the order of 10-°W referred to the input 
circuit). 

Fig. 19 shows two encapsulated auto-self-excited mag- 
netic amplifiers, One is a push-pull d.c. amplifier with 
a voltage gain of x 30, an input impedance of 15k{2 and 
provides a zero to +40V smoothed d.c. output into a 
10kQ load. Overall negative voltage feedback is used to 
improve linearity (better than 1 per cent). It has a power 
gain of about 1 400 and responds to signal frequencies up 
to about 10c/s. The zero stability is 3.10-°W for a +5 per 
cent voltage variation in the supply and a 20°C to 50°C 
ambient temperature variation. The total consumption is 
3W from the 2 400c/s power supply. (The maximum pos- 
sible efficiency of a d.c. push-pull magnetic amplifier of 
this type is 17 per cent). 

The circuit of the second amplifier shown in Fig. 19 is 
essentially that of one side of the push-pull amplifier 
described above. This amplifier provides, with a voltage 
gain of x 30, a single-ended d.c. output of zero to 110V 
into a 20kQ) load. 

The construction of the amplifiers shown in Fig. 19 
is similar to that of the flux-reset magnetic amplifiers 
described earlier. The transductor elements use the same 
type of bobbin and size of U-lamination but in this case 
the core material is 0-004in thick *‘ Mumetal’ laminations. 
As is usual in auto-self-excited magnetic amplifiers the 


19. D.C. signal magnetic amplifiers 
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Fig. 
(a) Voltage gain xX 
(6) Voltage gain x 
(c) Two-core transductor 
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transductor elements are combined in pairs, control and 
bias windings being wound over both cores. 


The Second-Harmonic Magnetic Modulator 


This modulator is a two-core transductor whose output 
voltage is at twice the a.c. supply frequency and of an 
amplitude proportional to a signal voltage or current 
applied to a control winding. If followed by a fixed fre- 
quency a.c. amplifier it can allow large amplificacon of a 
d.c. signal. This magnetic modulator can be made to have 
a very low noise level (order of 10-"W), very low drift 
(3.10-"W has been achieved in a highly refined system 
using valves") and almost perfect linearity. If followed by 
a transistor a.c. amplifier it seems likely that an input zero 
stability of say 10-“W should be fairly easy to attain. 
The second-harmonic magnetic modulator should have a 
lower drift level than a diode or transistor chopper and be 
more convenient than a mechanical chopper. 


High-Frequency Magnetic Amplifiers 
Since the bandwidth of a transductor is proportional to 
its a.c. supply frequency and its core volume is (very 
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Fig. 20. (a) Half-wave switching transistor amplifier: d.c. to d.c. 
(b) Mean load voltage (v,) d.c. signal voltage (V,.) curve 


approximately) inversely proportional to this frequency, 
transductors should use as high a supply frequency as 
other factors allow. Until recently the lack of suitable 
higher frequency power sources and of suitable transduc- 
tor cores largely limited transductors to using the standard 
power frequencies of 50c/s, 400c/s, 1 600c/s and 2 400c/s. 
The development of simple transistor invertors has now 
made available high frequency power supplies of a robust- 
ness and reliability comparable with those of transductors. 
In the past few years a number of magnetic systems have 
been described*”’."*> which use supply frequencies rang- 
ing from Skc/s to 2:5Mc/s. 

Collins” generally discusses magnetic amplifier opera- 
tion at r.f. and describes a 200kc/s amplifier supplying 
2W into 1500. 

Bonn” gives an account of magnetic amplifiers, essen- 
tially half-wave flux-reset circuits, which are capable of 
operating at frequencies as high as 2-5Mc/s and states that 
their power gain at this supply frequency is 3, this being 
comparable to the power gain obtainable with the best 
commercially available transistors in 1957. At 1Mc/s supply 
frequency the power gain of these amplifiers is 5 to 7 which 
makes them practicable for a digital computer at this 
frequency. This computer comprises 1 500 of these mag- 
netic amplifiers. Their toroidai cores are formed of twelve 
wraps of 1/32in wide tape, {mil thick, of 4-79 Molyb- 
denum ‘Permalloy’ on O-lin diameter stainless steel 
bobbins (walls 3 to 4mil thick). Pairs of cores with related 
circuit components are hermetically sealed in small cans. 
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Switching Transistor Power Amplifiers 

Amplifiers using transistors as switches in circuits 
analogous to those of magnetic amplifiers can have the 
high efficiency and, if required, the facility of operating 
directly from an a.c. power supply which are features of 
magnetic amplifiers. There are in any case advantages to 
be obtained from using transistors in a switching mode 
of operation. Operating as a switch, a transistor can con- 
trol more than four times its class-A rated power and a 
circuit which uses transistors in a switching mode is rela- 
tively insensitive to changes in the characteristics of the 
transistors due to temperature, ageing or manufacturing 
tolerances. 
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Full-wave switching transistor amplifier: a.c. to d.c. 
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Fig. 22. Switching transistor amplifier controlled by an auto-self-excited 
magnetic amplifier 























Milnes” has proposed a number of circuits using tran- 
sistors with switched mode of operation. The simplest of 
these is shown in Fig. 20. This circuit is similar to the half- 
wave flux-reset circuit of Fig. 4(a) and has the same 
partly suppressed half-wave output voltage; the switch- 
ing transistor takes the place of the transductor element. 
Fig, 21 shows a full-wave switching transistor amplifier in 
which the operation of the output circuit is similar to that 
of a full-wave flux-reset magnetic amplifier. This transistor 
amplifier requires, however, an a.c. input signal, ie. a 
supply frequency carrier which is amplitude modulated by 
the signal. 

Collins’ describes an amplifier which combines the high 
gain and linearity of a magnetic amplifier with the high 
power handling capabilities of switching transistors. When 
a magnetic amplifier is supplied by a square wave a.c. 
power supply the firing angle becomes proportional to the 
control signal (compare equation (11) for the sinusoidal a.c. 
supply case). The control signal therefore linearly modu- 
lates the width of the rectangular output pulses. This simple 
pulse-width modulator is very suitable for controlling the 
on-off ratio of switching power transistors. (It is also easier 
to generate a square-wave rather than a sinusoidal power 
supply with a transistor invertor.) Collins states that the 
amplifier shown in Fig. 22 (the magnetic amplifier is a bi- 
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phase auto-self-excited circuit) with the magnetic amplifier 
supplied from a Skc/s square-wave transistor invertor and 
R. = 20kQ, gives a maximum output of 47W at a power 
gain of 45dB and a response time of 0-2msec. Decreasing 
the contro! winding resistance to its minimum value of 
52 increases the power gain to 72dB and the response time 
to 85msec. 

The limited peak voltage of transistors restricts the out- 
put voltage of all the switching transistor amplifiers 
described above. Frenzel and Gutzwiller” have described a 
semiconducting switching device which can withstand a 
high peak voltage and which is therefore of great interest 
in this field. This is a controlled silicon rectifier (Fig. 23) 
which, it is stated, can switch kilowatts of power at 
hundreds of volts with high speed (1sec). 
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Fig. 24. Half-wave controlled rectifier amplifier 


With the gate terminal isolated this pnpn diffused junc- 
tion device offers a high impedance to either forward or 
back voltages but when the forward voltage exceeds a 
critical value (Vsp) the impedance drops to a very low 
level. The application of a positive voltage to the gate 
terminal with respect to the cathode (1 to 2V) switches the 
device from the non-conducting state without the neces- 
sity of exceeding the breakdown voltage. Control by the 
gate electrode is only recovered after the forward voltage 
and current have been reduced to zero. 

Fig. 24 shows an elementary half-wave amplifier using 
this device (compare Fig. 4(a)). For precise control of the 
firing instant a gating pulse with a steep wavefront is 
required; a magnetic amplifier would be well-suited for 
this requirement. 


Transductor and Switching Transistor Systems 
Transductors using a.c. supply frequencies above, say, 
2kc/s can be small and suitable for use in encapsulated 
assemblies mounted on printed circuit boards, so that in 
conjunction with transistors the useful properties of these 
transductors can be exploited to provide systems that are 
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small, highly efficient and robust. Accounts of a number 
of such systems have been published in the past few years. 

Keister for example, describes a four-quadrant voltage 
multiplier composed of transductors and switching tran- 
sistors. This multiplier is mounted on a single printed 
circuit plate and is a few cubic inches in volume. It con- 
sumes 250mW from a 12V battery, The circuits are driven 
by a Skc/s square wave a.c. generator. (This generator is 
the simplest form of the magnetic timing multivibrator 
which is described below.) The method of multiplying 
requires a 0 to 180° phase shift of the Skc/s square wave. 
The pulse-width modulated outputs of two series-connected 
transductors, fed from the Skc/s square wave a.c. supply, 
are combined to provide this. 

The most remarkable of these published magnetic- 
transistor systems is the 48-channel telemetering equip- 
ment for a 20in diameter satellite, described by Matthews 
et al‘, in which minimum weight, minimum operating 
power and maximum reliability over a wide range of 
ambient conditions are essential. This equipment uses four 
different types of transductor and switching transistor 
devices and these are briefly described below as applica- 
tions of the magnetic core properties described earlier in 
this article. 


INPUT 
WINDING 


“WINDING 
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—~WINDING 


Two-aperture core for peak memory or for counter with non- 


Fig. 25. 
destructive read-out 


TIMING MULTIVIBRATOR 

A battery in series with a resistive transducer (e.g. 
thermistor, pressure gauge) is connected by a switching 
transistor to a winding on a rectangular B-H loop core 
whose flux density B is at —B,;. The time taken for B to 
rise to +B, is, from equation (9), inversely proportional 
to the voltage applied to the winding; this winding voltage 
is equal to the battery voltage less the voltage drop in the 
transducer resistance due to the flow of magnetization 
current. (Compare the resetting voltage in a magnetic 
amplifier with resistance control element.) The time taken 
for B to go from —B, to +B, is therefore a measure of 
the resistance of the transducer. 

When the core runs into positive saturation a regenera- 
tive transistor base winding on the core switches off this 
first transistor and switches on a second transistor, This 
second switching transistor also connects the battery across 
the core winding, but with reversed polarity and in series 
with a second transducer. The core is now driven from 
+B, to —B,, the time taken in this case being a measure 
of the resistance of the second transducer. 

The above cycle may be repeated indefinitely so that 
across an output winding on the core a rectangular alter- 
nating voltage is generated, the duration of positive half- 
cycles measuring the first transducer signal and the dura- 
tion of negative half-cycles measuring the second trans- 
ducer signal. 

In an actual device the half-cycle intervals vary between 
0 to 30msec for transducer resistance changes of 0 to 5kQ. 
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VARIABLE FREQUENCY MULTIVIBRATOR 

A magnetizing force is impressed on a core by applying 
a signal voltage or current to a control winding. This mag- 
netizing force establishes a flux density Bu say in the core. 
(Compare the control action in an auto-self-excited trans- 
ductor.) When a constant battery voltage is applied to a 
second winding so as to increase B from By then it can 
readily be shown from equation (2) that the time taken 
for B to rise from By to B, is proportional to (B,— By). 
This time interval is therefore a measure of By and hence 
of the input signal. 

By means of a pair of switching transistors two trans- 
ductor elements with the above action and with a common 
control winding and hence the same value of By are con- 
nected alternately to the battery. While the battery voltage 
is taking one core from By to B, the other core is reset 
from B, to By by means of windings coupling the two 
cores. The output appears across a further two windings, 
One on each core, connected in series and is a rectangular 
alternating voltage whose frequency increases as By and 
therefore as the signal voltage or current increases. 

In actuai devices a d.c. control current change of 30 to 
700uA or a d.c. control voltage change of 0 to 0-5V (both 
current and voltage output transducers are used) changes 
the output frequency 5 to 15kc/s. 


PEAK MEMORY WITH NON-DESTRUCTIVE READ-OUT 

A winding on a toroidally wound tape core of rect- 
angular B-H loop material whose flux density is initially 
set to the value —B;, carries a signal current which may 
vary between 20 and 700uA. At any instant the flux 
density in the core, By say, is determined by the peak 
value up to that instant of the current in the signal 
winding. (See Fig. 3(d) and the last part of the section 
* B-H Loops ’.) 

A second aperture is formed in the core by a hole 
through the tape as shown in Fig. 25. The two limbs of 
this small aperture carry windings and are used as the two 
cores of a variable frequency multivibrator similar to the 
circuit outlined above. As in that circuit the output fre- 
quency is determined by By and this frequency is there- 
fore in this case a measure of the peak input current. 

The operation of the read-out variable frequency multi- 
vibrator which uses windings a and b in Fig. 25, induces 
a periodic flux around the small aperture only and does 
not alter the value of By impressed by the signal current. 


DECIMAL COUNTER WITH NON-DESTRUCTIVE READ-OUT 

A magnetic pulse forming circuit using the property 
expressed by equation (8) generates a constant volt-second 
pulse (duration about 200usec) from each of the series of 
input pulses which are to be counted, This series of con- 
stant volt-second pulses is applied to a winding on a rect- 
angular B-H loop core which operates as shown in Fig. 
3(d). The core is initially set to —B,. Each constant volt- 
second pulse causes a core flux density increase of slightly 
less than 2B,/9 so that the tenth pulse takes the core into 
saturation. The onset of saturation is used to trigger a 
switching transistor which resets the core to — B,; in readi- 
ness for the next count and is also used to generate an 
input pulse to the next counting stage. 

There are three cores operating in the above manner 
storing unit digit, tens digit and hundreds digit; at any 
instant the flux levels in these three cores register the total 
count up to that instant. 

Non-destructive read-out of a core is achieved by the 
method described above for the peak memory; again the 
cores are of the form shown in Fig. 25. The count is tele- 
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metered as three successive frequencies, these being the 
read-out frequencies of the three cores. 

In construction the satellite telemetry equipment is an 
assembly of encapsulated modules. The components in a 
module are all mounted on a S4in diameter printed plate 
and each module is }in high. 

A complete counting module comprising a transducer 
with transistor amplifier, a pulse former and a three stage 
decimal counter weighs Soz after potting and consumes an 
average power of less than 10mW. 

The telemetry encoding module which contains the two 
multivibrators described above as well as_ transistor 
matrices and gating circuits weighs 3-80z plus 280z bat- 
teries and consumes less than 12mW. 
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An Anti-Collision Light System for Aircraft 


The use of fluorescent paints and normal navigation lights 
are generally considered inadequate to avoid the possibility 
of collision between high speed aircraft. 

A new system, now being developed in this country by 
Honeywell Controls Ltd uses xenon-filled flash units, similar 
to those employed in stroboscopic equipment, to produce an 
intense flashing light, which is much more brilliant than that 
available from conventional navigation lights, and so timed 
as to give accurate and easily assimilated information on the 
position, attitude and bearing of the aircraft. The lights, which 
are mounted in groups at each wingtip, cover the forward, 
rear and beam zones. The forward-facing lamps are triggered 
at the rate of 160 flashes per minute, those to the rear at 
40 per minute, and the beam lamps at 80 per minute; all three 
rates can be instantly distinguished by the observer. 

The flashing lights have two advantages: their intermittent 
character attracts attention even at the peripheral limits of 
the field of view, while the flash rate gives immediate indi- 
cation of whether the other aircraft is approaching, receding 
or on a more or less parallel course. Moreover, the intense 
blue-white flashes are easily seen against beacons, landing 
approach lights, etc, and the pilot can see within seconds if 
the relative bearing of another aircraft does not change, thus 
indicating that the two aircraft are on a collision course. 

Another important advantage of the xenon lamp system is 
that, by compressing great intensity into a very brief period, 
great range is obtainable for a very modest power consump- 
tion. The peak intensity is about 5000000 lumens, and night 
observations have been reported at distances of over 70 miles 
In daylight, the sighting range varies from 5 miles in bright 
sunlight up to 15 miles in conditions of poor general visibility. 
The flash duration, of about 0-00lsec, is below the value at 
which a latent image is formed on the retina, so that the 
observer is not dazzled and there is no deterioration in night 
vision. 

The equipment is mounted at each wingtip, either in a 
streamlined pod, or built into the wing structure. Only low- 
voltage supplies need be carried through the wing, a power 
convertor being used to provide the 450V dc. required for 
operation. A constant-frequency transistorized pulse network 
operates a stepping relay whose output shaft carries switching 
cams to provide the appropriate flash rate for each location. 
The flash tubes are rated at 100W-sec, but are operated at only 
12W-sec to ensure long life and reliability. The total power 
requirement of the complete system is less than 300W. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


An A.C. Transistor Millivoltmeter 

with a High Input Impedance 

Dear Sir,—The input circuit described 
by Vierhout in his article ‘An A.C. 
Transistor Millivoltmeter with a High 
Input Impedance’ in your July issue 
represents an interesting solution to the 
problem of obtaining high input imped- 
ances with transistors. Amplifiers of this 
type'”, however, suffer from the dis- 
advantage that neither side of the input 
is common with the power supply, a 
factor which sometimes precludes their 
use. A basically similar circuit in which 
this difficulty is overcome is described 
below’. 

Fig. 1(a) shows an amplifier similar to 
that described by Vierhout. The input 
signal is applied between the normal 
input and output connexions and the 
output appears across R,. A circuit of 
this type gives a voltage transfer close to 
unity and has an input impedance 
approximately equal to the product R, 
and the overall current gain. The voltage 
supply for the transistor V7, and the bias 
resistor R, may be derived from the col- 
lector of transistor VT, through R, as 
shown in Fig. 1(b). Provided that resistor 
R, has negligible loading effect on R, 
and capacitor C, has a very small imped- 
ance to the signal frequency, the perform- 
ance of the circuits in Fig. 1(a) and 1(b) 
will be identical. 


. Basic amplifier circuit and modification 
of supply for VT, 























A, g Output 








| 
Input | 
[ | 
Fig. 2. Further modification making common 
point between input, output and supply 





The positions of resistor R, and the 
supply may now be interchanged (Fig. 2). 
Assuming that the supply impedance is 
low there is again no change in perform- 
ance and the point a is now common to 
input, output and the positive side of the 
supply. Circuits of this type provide 
input impedances in excess of 5M2 and 
employed in conjunction with crystal 
microphones have proved very useful in 
sound level measuring equipment’. 


Yours faithfully, 

B. J. Wurre, 
Dawe Instruments Limited, 
Ealing, London W.5. 
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A Transistor Buffer Stage 
R.A.E. Technical 


Dear Sir,—We have read the articie 
by R. R. Vierhout in the July issue, but 
have had some difficulty in interpreting 
the accuracy claim of 2 per cent of full 
scale. 

The 2:5V range of the Model 8 
AVO has a claimed accuracy of 2 per 
cent of indication between full scale and 
half scale deflexion, e.g. a possible in- 
accuracy of 2 per cent of full scale for 
a full scale indication. 

To achieve, then, an accuracy of 2 


a per cent of full scale, the unit described 





——E 


(b) 
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would require to have negligible in- 


accuracy under this condition. This is 


possible under certain circumstances, for 
example, immediately after calibration, 
but one has difficulty in visualizing this 
claim as a long term accuracy. With the 
circuit shown in Fig. 2, a 20 per cent 
change of gain without feedback on the 
10mV range due to battery ageing, etc., 
will result in a 1 per cent change of gain 
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with feedback, ic. a further inaccuracy 
of 1 per cent, and without doubt such 
changes can occur. There may also be 
components of inaccuracy over the fre- 
quency range and due to errors in the 
ranging resistors, etc. 

We note also that the instrument 
appears to respond to the peak value of 
the input signal, and thus can have an 
additional error commensurate with the 
total harmonic distortion present. 

With reference to calibration, we are 
unable to identify the 25k2 potentio- 
meter mentioned in the text and in the 
circuit diagram of Fig. 4. 

Yours faithfully, 
D. J. Cotiins and D. A. G. Tart, 
Dorking, Surrey. 


The Author Replies: 


Dear Sir,—The comment by Mr. White 
is very valuable, the more so as the ways 
in which different input impedances with 
transistors can be obtained are not well 
known to a number of designers of tran- 
sistor circuits. 

I agree with Mr. White that the circuit 
of Fig. 2 has the advantage of having one 
side of the battery connected to the 
common input and output connexions. 
However, in this circuit the input imped- 
ance is about equal to the product of the 
current gain and the equivalent resistance 
of R, and R, in parallel. R, should be not 
more than several kilohms in order to 
avoid too large a voltage drop. The input 
resistance is, therefore, halved in com- 
parison with my circuit. The circuit of 
Mr. White has a voltage amplification of 
nearly one, while my circuit has a voltage 
amplification of three. This could be of 
importance in the case of designing a 
transistor millivoltmeter with as few tran- 
sistors as possible while a reasonable 
amplification stability is required. In a 
battery operated meter the disadvantage 
of separate batteries does not appear to 
be serious. Noteworthy is that both in 
my circuit and in that of Fig. 2 several 
emitter-followers preceding the transistor 
can be connected in series, all with a 
bypass capacitor C, to obtain maximum 
amplification. Thus an input resistance of 
100M2 or more can be obtained. 


7 * * 


The 2 per cent accuracy claimed for 
the AVO 8 concerns the absolute 
accuracy. However, one particular instru- 
ment has a linearity better than 1 per 
cent and this only counts, since the full 
scale deflexion can be adjusted to the 
proper value by means of the 25k2 
potentiometer. Concerning the potentio- 
meter I offer my apologies for the mis- 
take in Fig. 4. The 25k2 is wrongly 
shown as 2-5k®, 
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The transfer impedance of the last twe 
stages for the OC71 and OC44 is 8M’? 
and 24M® respectively. The gain with 
feedback is 170. Assuming the base- 
emitter resistance of the _ transistors 
about 1k2 the stability factor is 
8-10°/170 and 24-10°/170 respectively. 
A 20 per cent change of the gain with- 
out feedback will then result in only 
0-4 per cent or 0°14 per cent change of 
gain with feedback. After a test of 
heating the instrument to 45°C and in- 
serting exhausted batteries of 18V 
the reading did not change more than 2 
per cent. Exact measurement of input 
voltage always needs a knowledge of the 
waveform, whatever the method of 
detection. 

The detection of peak value instead 
of mean or effective value has been 
purposely chosen because for the various 
waveforms e.g. time wave, square wave, 
triangular wave the amplitude is the 
relevant quantity. 

The indicated ranges in the text refer 
to effective voltages. This was done be- 
cause it is customary to read effective 
values. The peak value can be obtained 
by multiplying the scale reading by ,/2, 
which conversion factor applies to all 
waveforms. 


Yours faithfully, 
R. R. ViERHOUT, 
R.K. Universiteit, 
Nijmegen, Holland. 


Measurement of Transistor Switching 
Parameters 

Dear Sir,—The purpose of this letter 
is to describe a method of measuring 
Too and other transistor switching para- 
meters by a pulse-testing technique. 

Teo is the value of 7, when V,, = 0, 
T, being the collector time-constant as 
given by Beaufoy and Sparkes’. 

The test circuit is shown in Fig. 1 and 
its function is to inject a known charge 
into the base of the transistor under test, 
so that the collector voltage riseS to the 
brink of saturation. If V’ is the value 
of the voltage V which brings the col- 
lector to the brink of saturation, if Q» 
is the base charge and if Q, is the part of 
Q» required by the charging of the base- 
collector capacitance and by the change 
of the base width, then it is: 


VC = Oy = Too (E./R) + Oy 


on condition that E,/R, is much greater 
that the collector current a J,'= 0 and 
that E, is much greater than the col- 
lector saturation voltage. Consequently 
T.o can be determined from two measure- 
ments with the same E, but different 
values of R,: 


Too = (R./E.) -AV'C 


after which Q, can be also calculated. 

If C is kept low enough, the product 
V'C is independent of C and of the 
resistance in the base. 


Fig. 2(a) shows collector waveforms 
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for various values of V for a medium- 
speed junction transistor. The fact that 
the waveform has reached the saturation 
level can either be detected with an 
oscilloscope or with a device described 
below under (d). 

The method described is, of course, 
based on the same principles as all pulse- 
testing methods, but it has the following 
advantages. 

(a) Only V has to be varied during the 
measurement and V can be varied 
and measured simply and very 
accurately. Parasitic reactances can 
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Fig. 2. Collector waveforms 


be kept low. Knowledge of 


B, is not required. 


Since the pulse repetition rate can 
be as low as 50c/s a mercury 
wetted contact relay can be used 
and this is an inexpensixe way of 
making a square-wave generator 
accurately calibrated in amplitude 
and with rise- and fall-times to be 
measured in nanoseconds. 


(c) Apart from stray capacitances be- 
tween base and earth, the only dis- 
charge path for C is through the 
transistor base. 


(d) Last, but most important, it is pos- 
sible to avoid the use of an oscil- 
loscope and of a skilled operator, 
using instead a detector circuit to 
detect that the collector voltage 
swing has reached a given level. 


The detector output triggers a mono- 
stable device whose output is used to 
flash an indicator lamp. Therefore, given 
E, and R,., the operator has only to 
choose a value of C suitable to the trans- 
sistor speed and then increase V until 
the indicator starts flashing. 
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This circuit, with a fixed V, can be 
used to check or select transistors for 
maximum Q), using an _ unskilled 
operator. 

Substitution of C with a suitable 
resistor allows measurements of 8, 
(value of # at the brink of saturation). 

Simple detectors can be built using 
circuits of the long-tailed pair type, with 
or without positive feedback. 

A more sophisticated detector (or a 
fast-rise oscilloscope) has to be used 
when the collector waveform does not 
rise regularly (see Fig. 2(b)) displaying 
the wiggle-effect described by Sparkes. 

This occurs with some types of tran- 
sistors, especially at low collector cur- 
rents, Wiggles can be also generated by 
some sort of parasitic effect, since the 
discharge of C is a matter of tens of 
nano-seconds and therefore there is a 
narrow voltage spike on the base (caused 
by the total base resistance) while the 
collector waveform rises sharply even 
with slow transistors. 

But even if one has to use an oscil- 
loscope the test circuit still retains its 
simplicity. 

Spikes on the collector waveform can 
be generated also by the diode inserted 
between base and emitter to limit the 
positive voltage swing on the base. 

In case /, at J, = 0 is too large, the 
base has to be given a small positive bias. 

R. P. Nanavati’? recently described a 
circuit for measuring 7, (the saturation 
base constant) using the discharge of a 
capacitor into the base of the transistor 
being tested to remove the excess charge 
stored in it until the transistor starts 
going out of saturation. 

It has teen found useful to use a 
detector also in a circuit of the type pro- 
posed by Nanavati for making a simple 
test instrument for measuring T,., Qy, 
T, and £.,,. 

It is thought that, using the principles 
described, the measurement of transistor 
switching parameters can be easily made 
automatic. 

It might be of interest to add that the 
expression of Q, given by equation (1) 
is not only very useful for junction tran- 
sistors, but also for the new faster tran- 
sistors, which, however, show a much 
more marked dependence of 7,, on J.,, 
especially at low values of /,. This fact, 
though, is not very important from the 
point of view of many applications 
because for these transistors Q, is an 
important part of Q». 

In any case 7,,. is not more variable 
than £,. 

Yours faithfully, 
PaoLo ERCOLI, 


Consiglio Nazionale delle Ricerche, 
Rome, Italy. 
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Short News Items 


The Council of Industrial Design is 
arranging a course in design apprecia- 
tion for apprentices and junior engineers 
from both light and heavy engineering 
industries. It will be held near London 
in November and December, and will 
be arranged in two residential periods, 
each of four days, separated by an 
individual study period of three weeks. 
The cost will be 35 guineas for each 
student. A detailed programme is now 
being prepared and will be available 
shortly and further particulars can be 
obtained from the Education Section of 
the Council of Industrial Design, 28 
Haymarket, London, S.W.1. 


Two British authorities on machine 
translation, Dr. Andrew Booth and Dr. 
John Cleave, have recently returned from 
a British Council sponsored visit to this 
year’s Alpbach Forum in Austria. Every 
year since 1945 a group of eminent 
European scholars, artists and leading 
personalities in political and economic 
life have been invited to the Forum. In 
Alpbach they hear lectures, and take 
part in discussions and study groups 
dealing with one topic of prime impor- 
tance to Europe. This year the subject 
‘Language and the World’ was of great 
interest to workers in the field of trans- 
lation by electronic computer, which 
involves wide research into the theory, 
structure and scope of language. Dr. 
A. D. Booth is Reader in Computer 
Design at the Department of Numerical 
Automation, Birkbeck College, London 
University. Dr. J. P. Cleave is Lecturer 
in Computation at the Department of 
Mathematics, Southampton University. 


Communications and Space Research 
will be the subject of next year’s Con- 
vention of the British Institution of 
Radio Engineers. In announcing this 
decision the Institution’s Council has in 
mind the need for an open discussion 
on the enormous amount of work now 
being carried out in this country and 
elsewhere in developing space com- 
munication techniques. Recent articles in 
the Institution’s Journal have referred 
to proposals for using satellites for relay- 
ing radio and television signals, and this 
will form the subject of an important 
session of the Convention. Associated 
techniques such as the role of electronics 
in the guidance and control of rockets 
and space vehicles, radio astronomy and 
radio measurements in the ionosphere 
will also be discussed. A further an- 
nouncement will be made shortly regard- 
ing the date and place of the Conven- 
tion. In accordance with the custom of 
the Institution, it will be held during the 
summer months at a British University 
and will be residential. 
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Telefunken G.m.b.H. of West Germany 
has recently obtained an order for the 
installation of a precision approach radar 
system for Shannon Airport. The instal- 
lation will provide an approach control 
on five landing strips. Changeover to any 
of the various landing directions is per- 
formed automatically from the display 
unit of the equipment. No readjustments 
are required on the display unit or the 
antenna when changing from one run- 
way to another. A similar installation, 
controlling three landing strips, has been 
ordered from Telefunken by the Polish 
Air Traffic Administration for the War- 
saw Airport. The Telefunken Co. is also 
supplying a radio communication system 
for the Suez Canal comprising five fixed 
v.h.f. transmitting/receiving equipments 
to be installed along the 103-mile-long 
Canal between Port Said and Suez. This 
line of stations will be controlled over 
cables from the operational centre at 
Ismailia situated about midway between 
Port Said and Suez. This apparatus will 
be used for communication purposes by 
the Canal Administration and for report- 
ing the actual position of convoys. The 
pilots on board of each ship will be 
provided with a portable ‘Teleport’ 
radiotelephone set which within the 
ranges of the relay stations will establish 
uninterrupted communications with the 
shore. This will permit the traffic control 
department to communicate with any 
ship at any time. 





READER INFORMATION 
SERVICE 


Readers may have noticed that the 
Reader Information Service cards in 
this issue carry the words “‘References 
apply to October 1960 issue only’’. All 
cards will in future carry this restriction 
to the month of issue. 


The Publishers much regret the neces- 
sity to impose this limitation, but with 
enquiries being received at the rate of 
about 1000 per week simplification of 
the internal system has become impera- 
tive if prompt dispatch of enquiries to 
manufacturers is to be achieved. 











The National Research Council of 
Ottawa, Canada, has formed an Asso- 
ciate Committee to deal with problems 
of national scope in the field of auto- 
matic control. Chairman of the group is 
Dr. J. Ham, Professor of Electrical En- 
gineering at the University of Toronto. 
The Committee will co-ordinate univer- 
sity, industrial and government interests 
in control theory and practice. It will 
recommend general areas for Canadian 
research in automatic control, and will 
encourage research investigations. The 
Committee will also represent Canada 
on the International Federation of Auto- 
matic Control. 


A Conference on Electronic Telephone 
Exchanges is to be held at the Institution 
of Electrical Engineers, Savoy Place, 
London, W.C.2, on 22 to 24 November. 
The Conference is intended to provide 
an opportunity for the interchange of 
information and experience of the con- 
struction and operation of electronic 
exchanges of all kinds, both in the 
United Kingdom and overseas, Further 
details and registration forms for those 
wishing to attend the Conference may 
be obtained from the Secretary. 


20th Century Electronics Ltd have 
recently completed the delivery of a 
large number of reactor control ioniza- 
tion chambers for incorporation in the 
control systems of ‘ Triga’ reactors being 
built by General Atomics, California, 
U.S.A. The chambers include 20th 
Century’s type RC6 which is a gamma 
compensated ionization chamber based 
on A.E.R.E. designs. 


VASCA—the Electronic Valve and 
Semi-Conductor Manufacturers’ Associa- 
tion which was formed last year has now 
taken over from B.V.A. (the British 
Radio Valve Manufacturers’ Associa- 
tion) responsibilities for semiconductors 
and industrial valves and tubes, the 
B.V.A. continuing its separate interest in 
domestic valves and television tubes. 
Among the objects of VASCA are pro- 
motion of standardization, maintenance 
of quality of design and workmanship, 
encouragement of and participation in 
research and experimental engineering 
work and tests, co-operation with the 
Government, the Services, B.S.I., L.E.C., 
and I.E.E. and the promotion of exports. 


The 1961 National Symposium of the 
Professional Group of Microwave 
Theory and Techniques will take place 
on 15 to 17 May at the Sheraton Park 
Hotel in Washington, D.C. The Tech- 
nical Programme Committee for the 
Symposium is seeking original contri- 
buted papers in all fields of microwave 
research, development, and application, 
including especially the following:— 

Precision Microwave Measurements 

—particularly involving plasmas, 

noise, parametric devices. Solid-State 

Microwave Devices, including active 

devices, such as amplifiers and fre- 

quency multipliers, and passive de- 
vices, such as switches and modulators. 

Sources and components at millimetre 

waves. 

Five hundred word summaries of pro- 
posed papers should be submitted by 
12 December 1960 to: Gustave Shapiro, 
Chairman, Technical Programme Com- 
mittee, Engineering Electronics Section, 
National Bureau of Standards, Washing- 
ton 25, D.C. 
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Radio Hong Kong’s new v.h.f., f.m. 
broadcasting station, which went on the 
air last month, uses four Marconi SkW 
f.m. transmitters in two parallel pairs to 
ensure the reliability required for un- 
attended operation. The parallel pairs 
system was originally developed by Mar- 
coni’s Wireless Telegraph Co. Ltd for 
use on remote transmitter stations, not 
easily accessible other than on foot. The 
station, which is situated at Mount 
Gough, was planned, built and installed, 
and will be serviced by Cable & Wireless 
Ltd on behalf of the Hong Kong Broad- 
casting Service. Four 5kW f.m. trans- 
mitters are used. The output of one of 
the English programme transmitters on 
91Mc/s is combined with the output of 
one of the Chinese programme trans- 
mitters on 94Mc/s. This combined out- 
put is then fed through a 160ft length 
of 34in diameter coaxial feeder to one 
half of the aerial. Similarly the other 
two transmitters are combined and fed 
to the other half of the aerial. In this 
way, should any one transmitter, com- 
bining unit, feeder or aerial-half develop 
trouble, then quarter power radiation is 
continued without interruption. The 
aerial is a Marconi Quadrant which is 
supported by a 135ft tower specially 


designed by British Insulated Callender’s 
Construction Co. Ltd to withstand winds 
of up to about 160 miles an hour. 


Johnson, Matthey & Co. Ltd an- 
nounce that they are now producing 
very pure arsenic, antimony. tellurium 
and bismuth on a commercial scale. By 
means of newly developed techniques, 
arsenic is being produced with an 
impurity level of the order of 1 p.p.m.. 
detected by use of present known and 
accepted spectrographic methods. The 
element is in the form of crystalline 
lumps and is packed in vacuum-sealed 
glass tubes. Antimony, with a maximum 
metallic impurity content of 5 p.p.m.. 
and bismuth, with a maximum level of 
metallic impurities of 10 p.p.m.. are 
being produced in ingot form. Zone- 
refined tellurium, with a metallic impurity 
content of the order of 1 p.p.m., is also 
available in bulk, in the forms of ingot 
or grain. 


Lord Brabazon of Tara, who has been 
President of the Radio Industry Council 
since 1957, has agreed to serve for 
another year. E. E. Rosen and Hector V. 
Slade have agreed to remain chairman 
and vice-chairman respectively until the 
end of 1960. Following the sudden death 
of Air Marshal Sir Raymund Hart, 
Director, R.LC., R. Kelf-Cohen, C.B.. 
has been appointed Acting Director until 
such time as a permanent appointment 
has been made. 


The Autonomics Division of the 
National Physical Laboratory announces 
the convening of an international con- 
ference on Machine Translation of 
Languages and Applied Language Analy- 
sis, to be held during 5 to 8 September 
1961 at the NPL Conference Centre, 
Teddington. Written contributions to the 
conference are invited from workers 
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engaged directly in research into the 
machine translation of natural languages 
and also from those who are concerned 
with the syntactic or semantic analysis 
of languages, where such analysis may 
be of help in achieving machine trans- 
lation. Papers should be sent to the 
Chairman of the papers subcommittee 
of the appropriate area, depending on 
the country of origin of authors, to be 
received by him by 31 January 1961. 
U.S.S.R., Eastern Europe: To be 
arranged. U.S.A.: Professor L. Dostert, 
Georgetown University, 1715 Massa- 
chusetts Avenue, Washington 6, D.C., 
U.S.A. All other countries: Dr. A. M. 
Uttley, Superintendent, Autonomics 
Division, National Physical Labora- 
tory, Teddington, Middlesex, England. 
Details of the Conference programme 
and of arrangements for registration of 
delegates will be announced in_ the 
Spring of 1961. The Autonomics Divi- 
sion will be pleased to accept requests 
for these details at any time. 


The Institute of Physics and the 
Physical Society announces that it is 
arranging a Symposium on ‘Electrical 
Contacts’ in collaboration with the Insti- 
tution of Electrical Engineers which will 
take place at the Brunel College of Tech- 
nology, London, on 5 to 7 April 1961. 
The Symposium is intended to cover 
recent advances in the study of the 
phenomena occurring at mating surfaces 
carrying currents used in light electrical 
engineering. It will include electrical 
erosion and material transfer, mechani- 
cal wear, and the influence of surface 
films and contamination and will deal 
with make and break contacts, sliding 
contacts, semi-permanent contacts and 
connexions between metallic and non- 
metallic materials. All communications 
regarding the Symposium should be sent 
to the Secretary, The Institute of Physics, 
and The Physical Society, 47 Belgrave 
Square, London, S.W.1. 


The British Electrical & Allied Manu- 
facturers’ Association has established a 
Semi-Conductor Devices Section’ in 
recognition of the rapid technical 
advance in semiconductors and their 
increasing application for power and 
industrial purposes. The formation of 
this Section will provide within the 
BEAMA an expert body to guide manu- 
facturers of semiconductor devices on 
matters of industrial policy. This Section 
will co-operate closely with the Elec- 
tronic Valve and Semi-Conductor Manu- 
facturers’ Association (VASCA), and 
among the important objectives will be 
the work of fostering standardization of 
semiconductor devices, both on a 
national and international basis. This 
Section will also co-operate with other 
associations and sections of the BEAMA 
concerned with the application of semi- 
conductor devices. The Chairman of the 
new Section is L. E. Thomson, Rectifier 
Section, Westinghouse Brake & Signal 
Co. Ltd. The Secretary is C. Brooks, 
BEAMA, The Red House, Ascot, Berks, 
from whom further information can be 
obtained. 


Mullard Ltd have obtained a contract 
worth 2 million dollars for the supply 
of Travelling Wave Tubes to the Radio 
Corporation of America. These tubes 
which are intended for use in a new 
R.C.A. multi-channel radio communica- 
tion system were developed by Mullard 
Research Laboratories and will be manu- 
factured at the Company's Transmitting 
and Microwave Valve Plant at Waddon, 
Surrey. First shipments are expected to 
be made in May 1961. 


An apprenticeship scheme designed to 
produce a flow of graduate engineers, 
qualified technicians, and craftsmen suit- 
able for employment in the Electronics 
Department has recently been introduced 
by Sir W. G. Armstrong Whitworth Air- 
craft Ltd, Baginton, Coventry. There are 
two levels of entry, one at ‘O° level of 
the G.C.E. with four passes including 
Mathematics, and preferably Physics and 
English. The other is at ‘A’ level of the 
G.C.E. with three passes including 
Mathematics and Physics. This appren- 
tice scheme has been approved by the 
Institution of Electrical Engineers, and 
is thought to be the first scheme run 
by an aircraft company with I.E.E. 
approval. 


The Twelfth Annual Exhibition of 
Cardiological Apparatus organized by 
the Society of Cardiological Technicians 
of Great Britain is to be held at the 
Lowndes Hotel, Welbeck Street, London, 
W.1, on 14 to 15 October. Admission 
is by ticket which is obtainable from the 
Cardiological Department of St. Bar- 
tholomew’s Hospital, London, E.C.1, 
and the University College Hospital, 
London, W.C.1. 


A Marconi AD2300 Doppler Navigator 
has recently been flown at Mach 2 at 
high altitude in the Mirage IV, when 
its accuracy was shown to be well within 
its specification. The equipment has been 
undergoing comprehensive evaluation 
trials at the Centre d’Essais en Vol since 
September 1959, when a_ substantial 
order was received from Générale Aéro- 
nautique Marcel Dassault for AD2300 
doppler navigation equipment and speci- 
ally developed navigation computers for 
the Mirage IV. 


L. Light & Co. of Colnbrook, Bucks, 
have developed a technique for the pro- 
duction of high purity phosphorus in 
either red or white forms with a mini- 
mum purity of 99-999 per cent. 


Correction 
Role of Space Charges Waves in 
Modern Microwave Devices by G. D. 
Sims and I. M. Stephenson (ELECTRONIC 
ENGINEERING 32 1960, pp. 408-413, 499- 
503, 567-571). The authors apologize for 
the omission of a factor 1/#, on the 
r.h.s. of equation (13) (p. 410). 
Equation (13) should read: 
V;=(u,/o) + @,/p.9) J = = (uy/w . wpe) Jy 
Also equation (33) p. 500 should read: 


{(Tb) = —(Tb) oh 
: es IAT) 


K(ra)l(rb) + 1.(7a)K (7b) 
K {ra)I,(tb) —1,(7a)K (7b) 
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BOOK REVIEWS 


Electromagnetic Fields, Energy and 
Forces 


interesting thing about the 
theory of electromagnetism is that 
there are as many interpretations of it 
as there are professors. The unique 
feature of this book is that it definitely 
rejects the traditional idea of circulating 
currents as the origin of the magnetic 
properties of matter, and postulates the 
existence of ‘magnetic charges’ which, 
however, may only occur in pairs so that 
dipole phenomena are observed but 
never the effects of single charges. It is 
argued that if a circulating current is 
placed in a steady electric field, there 
should be a transfer of energy from the 
‘uphill’ to the ‘downhill’ side of the 
circuit, and the idea of energy transfer 
within a permanent magnet immersed in 
an electrostatic field is repugnant. (What 
would be meant by transfer of energy 
from one side to the other of a spinning 
electron?) One suspects that the prin- 
cipal motive for this stand is the greater 
symmetry of equations resulting from the 
introduction of magnetic charge and 
magnetic current to parallel electric 
charge and electric current, but unfor- 
tunately the phenomena of  electro- 
magnetism have some inherent asym- 
metry, as is explained on p. 215 of the 
book. It is, of course, pointed out 
throughout the book that for all prac- 
tical purposes the hypothesis of magnetic 
charge leads to the same results as the 
hypothesis of circulating currents. 

The application of Maxwell’s equa- 
tions to particular cases is notoriously 
difficult on account of boundary condi- 
tions. The need to solve for electric and 
magnetic components simultaneously is 
avoided by the authors by a technique 
of successive approximation, which uses 
the fact that a steady electric current 
produces a magnetic field but a steady 
magnetic field produces no_ electric 
effects. One may therefore calculate the 
zero order electric and magnetic fields 
E. and B, from the charge distributions; 
then use dB.dt to obtain a corrected 
electric field E, from which one derives 
corrected currents and magnetic induc- 
tion B,; use dB.dt to obtain FE, and so 
on. The result converges if the time of 
propagation across the system is small 
compared with the time required for 
fields to change. 

Another interesting point is that the 
authors reject the concept of ‘ displace- 
ment current’ in a vacuum admitting 
only polarization currents in a material 
medium. Since the medium of electro- 
magnetic propagation is not nowadays 
considered to have material properties, 
this is intuitively very acceptable; but it 
carries with it the consequence that elec- 
tric current is not always a continuous 


ELECTRONIC ENGINEERING 


quantity. In fact electric current ceases 
to be a fundamental entity, being re- 
placed by the circuital integral of mag- 
netomotive force which is a constituent 


of the integral form of Maxwell's 
equations. 
This book represents part of the 


M.I.T. programme of refreshing elec- 
trical engineering education by empha- 
sizing fundamentals rather than tech- 
niques; and it is aimed at students who 
in Britain would be classed as ‘ Second 
Honours year.’ Many teachers will doubt 
the wisdom of introducing the magnetic 
charge hypothesis to such students, but 
for the more mature student it is at 
least a valuable challenge to clarify the 
defence of whichever hypothesis one 
chooses. As a text book for a first 
serious course in electromagnetism, it 
has the merits of being very readable, of 
having numerous problems for solution, 
and most important, of having selected 
references to parts of other books. By 
this means the student may be intro- 
duced to more advanced books, Strat- 
ton’s Electromagnetic Theory, Guile 
min’s Mathematics of Circuit Analysis, 
etc. and to the original work of such 
authors as Maxwell, Einstein, Sommer- 
feld. But one wishes it had also given 
a reference to Poynting’s original paper, 
since the treatment of field energy is 
largely based on Poynting’s theorem. 

Appendix 1, ‘ Four-dimensional For- 
mulation of Electrodynamics,’ is at a 
more advanced level, but is included be- 
cause it has some bearing on the inter- 
pretations which the authors have chosen 
for the ordinary three dimensionai 
equations. Appendix 2 is a useful dis- 
cussion of Units and Dimensions, with 
a table of mks units and their dimen- 
sions in M, L, T, Q; and appendices 3 
and 4 serve as a glossary of vector 
differential operators and vectur opera- 
tions. 

D. A. BELL 


Fundamentals of Electronics 


By E. N. Larch. 601 pp. 494 Figs. Medium 8vo. 
John Wiley & Sons, Inc. Chapman & Hall Ltd, 
London. 1960. Price 66s. 


EXTBOOKS on electronics are be- 

coming so numerous and so like each 
other that a formula should be devised 
to give a figure of merit by which a 
student can decide on a * best buy.’ This 
figure would include a factor to take 
account of the student’s requirements 
and attainments and one reason why this 
book cannot be wholeheartedly recom- 
mended as a ‘best buy’ is that it is 
difficult, despite the statement of the 
author's aims, to discover the type of 
student for whom it is best suited. 

It deals thoroughly, at a fairly high 
level, with thermionic vacuum tubes 
and transistors, giving their characteris- 
tics and applications, with graphical 
and mathematical analyses of many of 


648 





the circuits in which they are employed. 
The mechanism of emission and semi- 
conduction are treated in sufficient detail 
for the subsequent chapters to be readily 
understood. In particular, the four-ter- 
minal network, hybrid parameter treat- 
ment of transistor amplifiers is very 
carefully explained and illustrated by 
numerical examples, and the four chap- 
ters on oscillators of various kinds are 
good. But because of the rather arbitrary 
restrictions he has imposed, the author 
has often gone too far for the *non- 
engineer’ (to whom the book is direc- 
ted) and by avoiding mathematical 
treatment of many interesting circuits 
when the algebra threatens to become 
fairly complicated, will disappoint any 
more enquiring reader. 

One regrets the omission of some 
account of tubes for use at v.h.f., the 
c.r.t. other than as an electrostatically- 
controlled measuring instrument, and 
photo electric devices. And when, please. 
will authors writing about electronics in 
general include the more important types 
of television camera tube? Something of 
these subjects, it is felt, could have re- 
placed the chapters headed ‘ Auxiliary 
components in electric circuits, * Deci- 
bels and sound’ and * Audio Elements’ 
(a very superficial treatment), all of 
which would be more appropriate in a 
book on ‘Communications ’. 

Each chapter is introduced by a 
synopsis and followed by a useful set 
of questions which emphasize the salient 
points and provide numerical exercises. 
Misprints are comparatively few, but 
there are a number of incorrect graphs 
which appear to have been drawn to fit 
a draughtsman’s curves rather than the 
mathematical equation or oscillogram. 
An occasional attempt to give a simple 
explanation of a complicated phenome- 
non has led to a misleading statement 
and there is some looseness of expression 
which is undesirable in a technical book. 
The equal treatment of vacuum tubes 
and transistors in one volume is useful 
and the book bears comparison with 
others of about the same price. 


A. W. Harris 


Proceedings of the Symposium on 
Millimeter Waves 


Edited by J. Fox. 656 pp. 408 Figs. Medium 8vo. 
Interscience Publishers Inc, New York. 1960. 
Price $8.00. 


HIS is the ninth volume published in 

this series since 1952. The present 
volume could be regarded as a continua- 
tion of volume IV entitled ‘Modern 
Advances in Microwave Techniques,’ 
November 1954. It deals primarily with 
aspects of theory, generation, measure- 
ment and application of microwaves. 
The stress is on millimetric waves but 
in several cases reference is made to 
submillimetric spectrum. 

The field of millimetric waves is a 
rapidly expanding one. It calls for co- 
operation of various specialists and a 
symposium is a good way of achieving 
this. The book is a collection of papers 
presented during the symposium held 
at Brooklyn Polytechnic in New York 
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in the Spring ot 1959. Altogether some 
40 papers were presented by contribu- 
tors from various parts of the world, in- 
cluding U.S.A., Japan, U.S.S.R., G.B., etc. 

A large proportion of the book deals 
with various aspects of generation of 
short millimetric waves: a field ham- 
pered by numerous difficulties. The 
methods of generation are diverse. On 
one side there is the conventional 
klystron which for millimetric waves is 
being pushed to the limits of present 
technology. There is the much favoured 
Carcinotron. There are also a number 
of rather sophisticated and frequently 
inefficient methods of generation of 
millimetric waves such as Cerenkov 
radiation, generation of harmonies from 
lower frequencies, radiation from rela- 
tivistic electron streams, etc. This is a 
wide field crowded with technological 
difficulties. 

Millimetric waves is a fascinating and 
challenging field. But there are inherent 
difficulties in dealing with millimetric 
waves and various aspects of measure- 
ments, control and utilization form 2 
proportion of the book. There are many 
fields of application of millimetric 
waves. To mention just two: millimetre 
wave spectroscopy in physics, and com- 
munications, in particular long distance 
communication by waveguide. These 
have been made possible through the 
rapid development in microwave tech- 
niques. 

Transmission of millimetric waves is 
another aspect that makes extreme 
demands on human ingenuity. The waves 
are rather severely attenuated in free 
space and the conventional waveguides 
are lossy and inconveniently small. On 
the other hand transmission in multi- 
mode waveguides and  quasi-optical 
methods are most promising: a number 
of papers are devoted to these aspects. 

Being a collection of papers by 
specialists the book is not intended to 
be a balanced survey, but it does con- 
tain a great deal of material of interest 
to those engaged in the microwave field. 

A. E. KARBOWJAK 


Analogue and Digital Computers 


Consulting Editor, M. G. Say. 303 pp. 223 Figs. 
Demy 8vo. George Newnes Ltd, London. 1960. 
Price 50s. 


HIS book has been written by a 

panel of specialists each of whom 
has contributed material in his own field. 
It deals with computers in general and 
the principles of analogue and digital 
machines. Chapter | discusses the basic 
differences between the two types; the 
remaining chapters being divided into 
two sections dealing in detail with 
analogue and digital machines respec- 
tively. The book is intended primarily 
for newcomers. 

The various aspects of analogue com- 
puting such as scaling, operation, design, 
and testing are covered adequately if 
somewhat illogically. For instance the 
high gain amplifier is introduced as a 
computing element at an early stage but 
the explanation of why it works is not 
given until later. 
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The chapter on design is too detailed 
for the newcomer and some of the space 
could have been more profitably used 
to give further illustrations of the ways 
in which typical problems are solved on 
analogue machines. 

The section on digital machines is 
much the better and the reader is taken 
step by step from the first principles of 
number representation to operation, cir- 
cuit elements, storage. input-output 
equipment and programming. The 
reader’s attention is occasionally dis- 
tracted by the introduction of number 
and logic tables occupying too large an 
area of the page and by the inclusion of 
detailed circuit diagrams. These, in fact, 
are not truly contemporary; only once 
in chapter 7 is a brief excursion made 
into transistor and core logic. 

For newcomers the book is a mine of! 
information, but it is felt that the reader 
would have benefited if in both sections 
much of the circuit detail had not been 
included. 

P. L. OWEN 
rT. R. H. Sizer 


Automatic Translation 


By D. Yu. Panov. Translated by R. Kisch & 

edited by A. J. Mitchell. 73 pp. 27 Figs. Demy 

8vo...Pergamon Press Lid, New York, London. 
1960. Price 21s. 


HIS book contains a record of Rus- 

sian work on machine translation 
until 1956, with additional material added 
to the translation to bring it up to date. 

it starts with a brief introduction and 
history of machine translation, and it is 
interesting to see how the Russians have 
reacted to Western experiments in the 
field, especially to the Georgetown ex- 
periment of 1954. From the Western 
point of view, the claim that machine 
translation was first pioneered by P. P. 
Troyansky in 1933 is hard to believe, 
especially since “automatic installations 
suitable for the purpose had not yet been 
created” (page 3). 

This is followed by a chapter on the 
techniques used by a human translator 
and one on the way in which these can 
be simulated by a computing machine. 
Chapter 4 contains a detailed description 
of a computer. In chapters 5 and 6 the 
author studies the construction of the 
automatic dictionary and the encoding of 
words in numerical form for machine 
use. Chapter 7 gives in detail one of the 
Russian programmes for machine trans- 
lation and this is followed by discussions 
of the problems encountered in trans- 
lating such languages as Chinese and 
Japanese, the structural analysis of 
language, ambiguity, style and editing by 
machine, and the problems involved in 
multi-lingual translation and the use of 
an intermediary language. The book ends 
with a very brief conclusion and an 
appendix containing an analysis of an 
English sentence by machine. 

The book is very clearly written and 
the translation and editing are equally 
good. It can be recommended to anyone 
who wishes to find out about machine 
translation. 

A. D. BooTtH 
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A new 
JOHN RIDER BOOK 


ready shortly 
VIDEO TAPE 
RECORDING 
by 
Julian Bernstein 


The author is an Instructor in 
Audio, Electrical and Video 
Technology at the RCA In- 
stitutes, New York. His book 
presents a complete coverage of 
the principles and practices of 
video tape recording, from elec- 
tronic photography in black and 
white or colour, through re- 
corder circuitry and its signals, 
to all of the commercial devices 
available. 
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PHILIPS TECHNICAL LIBRARY 


Thy ratrons 


C. M. SWENNE’s 
account of the gasfilled 
thyratron, and its 
numerous uses for fast 
switching, in relays, 
convertors, speed regu- 
lators, rectifiers etc. 


Fully illus, 15s. 


Transistors 


Using 


D. J. W. SJOBBEMA provides a 


simplified summing-up of _ their 
theory, together with some typical 
and well-proved circuits which are 
illustrated by clear diagrams. 15s. 


Analysis of Bistable 
Multivibrator Operation 


2nd. edition 
P. A. NEETESON’s | theoretical 
analysis of the Eccles-Jordan flip-flop 
circuit, now revised in the light of 
further experience. 17s 6d. 


Descriptive Folders from 
CLEAVER-HUME PRESS 
LTD. 


31 Wrights Lane, London, W.8. 
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Principles of Semiconductor Device 
Operation 


By A. K. Jouscher. 158 pp. 58 Figs. Demy 8vo. 
G. Bell & Sons Lid. 1960. Price . 


HE semiconductor field is now so 

vast, that for the author of a text 
book to do anything like justice to his 
subject matter, this must have a fairly 
limited scope. The topics presented in 
this book are the injection, transport 
and decay of excess carriers in semicon- 
ductors. As the book is only of moder- 
ate length the two introductory chapters, 
which set down the basic concepts 
associated with the determination of 
equilibrium and non-equilibrium carrier 
densities, contain much background 
material which has to be presented with- 
out proof. Subsequently, the theme of 
the text is developed in chapters entitled 
‘Transport of Excess Carrier Densities 
in a Homogeneous Medium,’ ‘ Theory of 
p-n Junctions and Junction Diodes’ and 
‘Theory of Multi-Junction Structures,’ 
while there is a short final chapter on 
‘Carrier Flow in Inhomogeneous 
Media.’ 

The unified treatment of this basic 
section of semiconductor theory is very 
welcome and has been well presented. 
Emphasis has been placed on _ the 
underlying one-dimensional theory of 
carrier flow in filaménts and devices 
having rectangular geometry. In _ the 
steady state analyses, due regard has 
been given to the effects of carrier in- 
jection level. Within its range the book 
is excellent, the author having taken 
pains to give clear descriptions of the 
physical processes associated with trans- 
port phenomena which have not been 
too intelligible in some of the early 
papers written on this topic. It cannot 
be said, however, that the treatment is as 
‘complete’ as is suggested on the dust 
cover. It is noted for example that 
there is no treatment, nor indeed men- 
tion of the effects of injection level on 
transport phenomena in diodes and tran- 
sistors at high frequencies, although 
several papers have been published on 
this topic. Nevertheless what is done is 
done well, and the book will be valuable 
to all who wish to understand the basic 
principles on which the operation of 
semiconductor devices depend. 

F. J. Hyo2 


The Arc Discharge 


By H. de B. Knight. 436 pp. 208 Figs. Demy 8vo. 
Chapman & Hall Lid. 1960. Price 63s. 


R. H. de B. KNIGHT has devoted 

almost the whole of his industrial 
career to the study of arc discharges and 
he is probably more qualified than any 
other person in this country to write a 
book on the application of the discharge 
to power control. 

The book is primarily concerned with 
hot cathode gas filled valves and mer- 
cury pool ignitrons and excitrons. Mr. 
Knight first describes the design of 
typical devices and then discusses the 
relevant gas discharge theory on which 
the design is based. Finally there is an 
applications section which gives details 
of typical circuits in which the devices 
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are used and advice on how to use the 
valves in service. 

Arc discharges are difficult to work 
with because although there is a con- 
siderable volume of physical theory on 
the subject it usually seems that the 
theory can explain a result only after 
it has been obtained, it cannot predict 
what is going to happen in advance. 
The author is therefore describing de- 
vices which have been evolved by 
taking due note of theory, by noting the 
materials available for construction and 
finally, more important, by observing 
how previous devices performed on test. 

The main criticisms of the book would 
be that it is a little confusing to find 
the section on physical processes in the 
discharge placed after general principles, 
characteristics and construction; as a 
result of this approach there is some 
repetition. 

On page 225 it is stated that deioniza- 
tion of a gas is assisted by negative bias; 
this is not completely in accord with 
most recent theory*. 

The book is perhaps not entirely suit- 
able for students; one would hope that 
they would concentrate more on the 
theory of the arc discharge so that future 
practice will be less the result of trial 
and error. It will, however, be extremely 
valuable to electronic valve designers 
and manufacturers and to application 
engineers and users of arc discharge 
control devices. 

It was a pleasure to read a book in 
which there appear to be no obvious 
typographical errors, a tribute to the 
publishers and to Mrs. H. de B. Knight 
and Mr. L. Herbert who checked the 
proofs. 


* Studies of Thyratron Behaviour. L. Malter 
and E. O. Johnson. R.C.A. Review. June 1950, 
Vol. XI No. 2. 


K. G. Coox 


Telemetering Systems 


. Borden & W. J. Mayo-Wells. 330 pp. 


By P. A 

1 Figs. Medium vo. Reinhold Publishing 

Corpn., N.Y. Chapman & Hall Ltd, London. 
1960. Price 68s. 


Sheng value of this book is largely as 
a review of telemetry systems and 
equipment, in which full importance has 
been given to a balanced presentation 
and grouping of the subject matter. 
These attributes are particularly notice- 
able in the introduction, which is ex- 
cellent—seventeen pages are taken to 
survey and set in perspective the field 
covered by the authors without the 
reader being really conscious of the 
amount of compression that has been 
achieved. In the remainder of the book, 
however, these high standards are not 
uniformly maintained. Although very 
detailed descriptions are provided of 
equipment, largely American in origin, 
with clear diagrams and well chosen 
illustrations, virtually no mathematical 
treatment is attempted. 

Thus, chapter 13—‘Selection and 
Application of Telemetering Systems’ 
gives a comprehensive account from a 
potential user’s point of view, but 
would gain considerably if the informa- 
tion theory aspect had been brought in. 
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This would be particularly true if tne 
utmost benefit were to be derived by 
students and designers concerned with 
the fundamentals of telemetry. 

There is no doubt that the whole field 
of telemetry application has been 
covered in the widest possible sense, 
especially in up-to-date uses, not only 
to the more obvious Guided Weapon and 
similar projects, but also to automation 
in all its relevant forms, such as digital 
systems for Public Utility and other 
industrial purposes. In this connexion 
it is noteworthy that closed-circuit tele- 
vision is only briefly mentioned (in a 
two-page chapter ‘Remote Reading of 
Meters and Registers’), whereas tele- 
vision is regarded by most authorities as 
being a major sub-division of telemetry. 

The book, however, gives evidence of 
very careful preparation, particularly 
with regard to choice of words and the 
realization of the value of exact defi- 
nition. The whole attitude is well illus- 
trated by the reference to (page 74) 
Trig misleading colloquialism “syn- 
chros”’, and by the considered use of 
‘intelligence’ throughout as a generic 
term for that which is conveyed by and 
through the medium of telemetry. 

As has been indicated, the attraction 
of this book will be greatest to those 
who wish to examine telemetry in the 
light of practical applications, and it 
could well become a standard reference 
book for this purpose. 

R. E. YOUNGS 


Physique et technique des tubes 
électroniques 
By R. Champeix. 428 pp. Crown 4to. Volome 


2—Théorie et fabrication des tubes. Dunod, Paris. 
1960. Price 58 NF. 


CHAMPEIX has worked practic- 
eally all his life in electronic tubes, 
and his wide experience is apparent in 
this book. Volume I deals with vacuum 
technique. The present volume II pre- 
sents first the electron, its production 
and its behaviour in electrical and mag- 
netic fields. Valves are then studied, 
starting with diodes and taking up in 
order triodes, cathode-ray tubes, photo- 
electric tubes, and gas tubes. The second 
part of the book is devoted to technical 
and technological considerations per- 
taining to the design and development of 
electronic tubes. A number of appendices 
study in detail particular points falling 
somewhat outside the general scope of 
the book, but relevant to the subject 
matter. Problems for each chapter are 
given at the end of the book, as well as 
a subject index. 

The avowed aim of the book is to 
strike a happy balance between theory 
and practice. Only a long perusal could 
ascertain whether this ambition has 
been fulfilled. To this reviewer, it seems 
that the book could almost have been 
presented in two separate volumes with 
little extra material and perhaps better 
independence between theory and prac- 
tice. As it stands, no technician in the 
field should be without it. 

A. V. J. MARTIN 
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THE AIRCRAFT EXHIBITION 


A description, compiled from information supplied by the manufacturers, of a few of the 
electronic exhibits shown at the recent exhibition of the Society of British Aircraft Constructors. 


(Voir page 659 pour la traduction en frangais : 


BELLING AND LEE LTD 

Great Cambridge Road, Enfield, Middlesex 

MULTI-PIN CONNECTORS 
(llustrated below) 

The ‘Camlock’ and ‘ Autolock ’ series 
of plugs and sockets embody a form of 
construction in which every pin of a 
multi-connector is individually locked 
into its mating socket. This ensures posi- 
tive connexion of all poles and a high 
degree of reliability under conditions of 
shock and vibration. 


SOCKET 


Pp 
MOUTH ~ —PLUG 


PIN 
CLOSING 


The principle of operation is illustrated 
in the accompanying diagram, The plug 
pin normally fits freely in the socket, 
which is divided axially by two or more 
slots. On the application of a compres- 
sive force to the mouth of the socket, 
as indicated by the arrows, the inside 
walls are brought to bear on the bulbous 
pin and, as the force is progressively 
increased, the socket walls take up a 
curved formation, with a rolling ful- 
crum. The mouth of the socket never 
actually meets the neck of the pin, final 
contact being made at some point be- 
tween levels AA and BB, depending on 
individual tolerances which are therefore 
not critical 

Two distinct types of connector 
employing this principle were shown, 
and they have been called the ‘Cam- 
lock’, and the ‘ Autolock’. The former 
has multiple contacts arranged in 
straight rows, the closing force being 
applied by a bar with a key-hole shaped 
slot surrounding the mouth of each 
socket, which is moved along the row of 
contacts by an eccentric shaft operated 
by a rotating key built into the free plug 
member. A feature of the ‘Camlock ’ 
series is the provision of a simple polariz- 
ing device which makes it possible to set 
up 36 different, non-interchangeable 
mating arrangements, each distinctively 
numbered. 

In the ‘ Autolock’ type, the locking 
action is automatically achieved in the 
final stage of mating. Here, the outside 
of the socket mouth is bell-shaped, and 
is closed by the axial movement of a 
cylindrical sleeve. In a multi-pole con- 
nector a single locking plate is employed, 
having a hole pierced for each pole, 
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instead of a multiplicity of individual 
sleeves. The contacts may be grouped in 
any desired pattern, and in one form 
exhibited, where a circular housing is 
used, engagement of the plug and socket 
and the subsequent locking of the poles 
is brought about by angular rotation of 
the plug housing; this type of ‘ Auto- 
lock’ connector is fully sealed, and a 
choice of any one of six different mating 
arrangements can be selected by the user. 


EE 26751 for further details 


S. G. BROWN LTD 
Shakespeare Street, Watford, Herts 
SERVO AMPLIFIER 

Using npn silicon transistors this 6-5W 
servo amplifier is capable of giving its 
rated output at ambient temperatures up 
to +90°C without the use of any addi- 
tional heat sink. The unit has been pri- 
marily designed to operate in conjunction 
with the type 15B servo motor. An over- 
all power gain of 72dB is available from 
the amplifier when operating from a 
source impedance of not less than 
2502. The amplifier, designed to operate 
from a carrier frequency of 400c/s, is 
supplied as a sealed unit having dimen- 
sions of 34in xX I4in X 2in. 

The transistor power supply unit is 
designed to operate from 400c/s, 115V, 
and is capable of delivering up to 30W 
d.c. 

EE 26752 for further details 


TUNING FORK OSCILLATOR AND DIVIDER 
UNIT 

The tuning fork is a self-contained 
audio frequency source constructed from 
an extremely low temperature coefficient 
nickel steel and having an electromag- 
netic driving system of unique design. 
The nominal frequency is 2kc/s to better 
than 0-005 per cent at 20°C. Other fre- 
quencies within the 2kc/s to 2°4kc/s 
range may be supplied to order. 

The transistorized oscillator utilizes a 
silicon transistor and will operate satis- 
factorily from dry cells of the ‘hearing 
aid’ type. It is fully operational over 
the temperature range —40°C to +70°C. 
The dimensions of the container, includ- 
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ing the tuning fork, are 2}in X 24in X 
3in. 

The frequency dividing unit provides a 
§:1 division ratio and is primarily in- 
tended for use with the S. G. Brown 
2ke/s tuning fork when it will provide 
a highly accurate 400c/s reference fre- 
quency. The dimensions of the container 
including the tuning fork and divider are 
2din X 34in X Fhin. 


EE 26753 for further details 


BRYANS AEROQUIPMENT LTD 

1 and 15 Willow Lane, Mitcham, Sorrey 
CO-ORDINATE PLOTTING TABLE 

(Illustrated above) 

This is a self-contained and compactly 
designed instrument for use on a bench 
or desk. It will accept X and Y signals 
in the form of d.c. voltages and convert 
these to an appropriate pen position, 
thus drawing the graph of the X and Y 
relationship as these signals vary. The 
table is also fitted with a time-base 
which may be switched into the X axis, 
so enabling the Y voltage to be plotted 
against time. 

The table has a Perspex lid to keep 
the writing area free from dust, and the 
graph paper is held in place by suction 
from a fan through the porous bed of 
the table. Graticules are provided for 
alignment of the paper. 

The pen is of a capillary type with 
large ink reservoir and is lowered into 
the ‘write’ position by the operation 
of a switch on the front panel. 

The table takes paper up to I7in x 
llin giving a graphing area of 15in xX 
10in. 

The pen is controlled in the two axes 
by a high-performance servo system, 
which gives both rapid dynamic response 
and great positional accuracy, the pen 
position being measured by precision 
potentiometers running the length and 
breadth of the table. Care has been 
taken in the design of the servo and 
ancillary circuits to ensure a minimum 
of drift, which has resulted in good long- 
term stability. 
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The controls of the table are all 
located on a sloping front panel. On the 
left-hand side are the Y axis controls, 
in the centre are the X axis controls 
including the time-base and write switch 
and on the right-hand side are the mains 
switch and pilot lamp. 

The first Y axis control is called ‘ Y 
shift’ and moves the pen anywhere 
along the Y axis. The complete Y 
traverse is obtained by ten turns of the 
Y shift knob, thus enabling the pen to 
be set accurately at any desired point 
along the Y axis. 

The two remaining Y axis controls 
are marked sensitivity, fine and coarse. 
With these controls the sensitivity of the 
Y axis servo may be adjusted to any 
value between the limits of 0-07V/in and 
7V/in of pen movement. 

The X axis has similar pen shift and 
sensitivity controls to the Y axis which 
enables the pen to be positioned any- 
where along the X axis. Thus, in con- 
junction with the Y shift control, one 
may establish a datum point for zero 
input signals anywhere over the writing 
area. 

The plotting speed may be up to 
20in/sec and the time-base speed is 
variable from O:lin/sec to 10in/sec. 


EE 26 754 for further details 


COSSOR RADAR AND 
ELECTRONICS LTD 
The Pinnacles, Harlow, 
AIRBORNE TRANSPONDER 
(illustrated above right) 
A feature of the type 1251 secondary 
radar transponder is sidelobe suppression. 
Although the sidelotes of an interro- 
gator aerial are of much smaller ampli- 
tude than the narrow main beam they 
will provide sufficient signal strength to 
trigger transponders not equipped to dis- 
criminate against sidelobe interrogation. 
This would result in the replies from the 
aircraft being spread over a large area 
so that bearing information would be 
lost and other undesirable effects intro- 
duced such as interference with other 
ground stations and ‘capture’ of trans- 
ponders by local stations, resulting in 
insensitivity to interrogation from distant 
stations. 
Sidelobe 


Essex 


suppression is effected by 
supplementing the directional interro- 
gator transmission with an  omni- 
directional control transmission. Circuits 
embodied in the SSR.1251 transponder 
ensure that replies are made only to 
interrogations in which the amplitudes 
of the interrogation and control pulses 
appear in the relationship that can only 
exist in the direction of the main lobe. 
The sidelote suppression system cur- 
rently specified by LC.A.O. is the ‘ two- 
pulse” system. An alternative ‘three- 
pulse * system has teen the subject of 
recent discussion and may also receive 
international approval. The Cossor 
ground equipment can be supplied to 
work with either system and the airborne 
equipment—currently supplied for use 
with the ‘two-pulse’ system—can te 
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modified for use also with the ‘ three- 
pulse’ system. 

The airborne transponder is suitable 
for unpressurized operation up to an 
altitude of 20000ft and is designed to 
reply to interrogation signals consisting 
of pairs of O-8usec pulses either 8sec 
(mode A) or 17zsec (mode B) apart. Pro- 
vision is made for the future use cf 
additional 21 and 25usec modes (modes 
C and D). 

EE 26755 for further details 


EKCO ELECTRONICS LTD 
Southend-on-Sea, 
AIRBORNE WEATHER RADAR 
(illustrated below) 

A lightweight 3cm weather radar, the 
Ekco type E190, weighs only 57lb and 
has a range of 150 miles. Comprising 
only three units, this  transistorized 
equipment provides every facility ex- 
pected from a modern weather radar 
system, including high-brightness display 
and fully-stabilized 24in antenna. It 
gives accurate range and azimuth infor- 
mation on cumulo-nimbus cloud for- 
mations as well as providing facilities 
for map-painting. A Doppler drift unit 
can be added as an optional extra. 

The type E190 was also displayed as 
a dual transmitter-receiver and indicator 
system, in keeping with the current prac- 
tise of duplicating essential services 
which are the subject of mandatory 
requirements. Using this system, full fail- 
safe conditions are provided as either 
indicator unit will operate with either 
transmitter-receiver unit. Performance 
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characteristics are similar to those of the 
standard Ekco equipment apart from 
some increase in power requirements. 
The illustration shows the scanner unit 
of the E.190 mounted in the nose of a 
Vickers Vanguard airliner. 

EE 26 756 for further details 


FERRANTI LTD 

Hollinwood, Lancashire 
DISPLACEMENT TRANSDUCER 

(/llustrated below) 

This transducer provides a_ sensiiive 
measurement of angular displacement. A 
central primary coil is energized by a 
20V, 2400c/s supply, which sets up a 
flux linkage between the central primary 
coil and two outer secondary coils. The 
shaft whose displacement is to be 
measured is connected to a copper 
shorted turn which is moveable in an 
air-gap in the central limb. 

With the shorted turn in the central 
position, the flux linkage between the 
primary and secondary coils is sym- 


metrical and there is no output from the 


secondary coils. Displacement of the 
shorted turn from the central position 
disturbs the symmetry of the flux linkage 
and gives rise to a voltage output from 
the secondary coils proportional to the 
displacement. Protection is provided by 
a mild steel case. 


EE 26 757 for further details 


FIRTH CLEVELAND INSTRUMENTS 
LTD 
Treforest, Pontypridd, Glamorgan 
PORTABLE FREQUENCY METER (TACHO- 
METER) 
(Illustrated above right) 

The frequency meter type FMI1015 is 
a lightweight instrument, designed to 
measure the frequency of signals having 
a wide variation in both amplitude and 
waveform over the frequency range 
10c/s to 200kc/s. The instrument may be 
operated from an internal battery or 
mains supplies, and over the frequency 
range stated, the accuracy of indication 
is within +24 per cent of f.s.d. when 
the input signals have an amplitude 
within 0-075 and 10V r.m.s. In addition 
to direct frequency measurement, the 
unit can be used for tachometry, when 
the necessary input signal can be 
generated via a magnetic pick-up coil 
associated with a ferrous toothed wheel, 
coupled to a revolving shaft. Alterna- 
tively the revolving shaft could be 
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coupled to a _ contact-breaker, either 
mechanical or utilizing a photocell and 
light source. For the last case, a separate 
socket is fitted to the frequency meter 
for the purpose of energizing a photo- 
transistor head and light source. 

The signal to the frequency meter is 
fed via a medium impedance input stage 
to an amplifier which generates a wave- 
form having a steep wave front for 
triggering a bistable circuit, whose 
function is to produce a square wave of 
equal mark-to-space ratio, irrespective 
of input waveform. The output of the 
bistable circuit is further amplified via 
a degenerative drive circuit, thereby pro- 
ducing a large amplitude square wave 
which drives the output transistor. The 
output from this latter stage is limited 
by a Zener reference diode which 
ensures that a constant amplitude square 
wave is applied across the calibration 
capacitors and rectifying diodes com- 
prising the meter circuit. The resulting 
rectified capacitor current passes through 
the meter and is directly proportional to 
the pulse repetition rate and hence the 
input signal frequency or pulse rate. The 


meter indication is unaffected by supply 
voltage variations and changes in input 
signal level. To ensure the maximum 
degree of portability a_ light-weight 
rechargeable Venner silver zinc battery 
is fitted in the unit along with an appro- 
priate charging circuit. An additional 
feature of the self contained charging 
circuit is that charging ceases once the 
battery reaches a fully charged state. 
EE 26 758 for further details 


MINIATURE POTENTIOMETRIC RECORDER 
(Illustrated above right) 

This instrument has been produced to 
meet the industrial requirement for a 
precision recorder which occupies a 
minimum of panel space and yet still 
provides the features and accuracy of 
more conventional instruments. 

The complete instrument requires a 
panel space of 7}in x 54in and is 184in 
deep. The electronic units which are in- 
corporated comprise an input unit with 
low noise mechanical chopper and pre- 
cision balancing potentiometer; a tran- 
sistorized temperature compensated high 
gain amplifier; a power unit and output 
stage and a highly stable temperature 
compensated Zener voltage reference 
source which obviates the need for a 
standard cell. 

The maximum speed of pen deflexion 
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is 3in/sec and full scale sensitivities 


between ImV and 100mV are available. 
Chart speeds between 4in/h and 12in/h 
can be provided. 

EE 26 759 for further details 


THE GENERAL ELECTRIC CO. LTD 

Magnet House, Kingsway, London, W.C.2 
ViBRATOR Drive EQUIPMENT 

(Illustrated below) 

This equipment is a complete, self- 
contained vibration test control console, 
designed for use by a_ semi-skilled 
operator. It will perform the majority of 
the vibration tests required by a number 
of Government specifications. It requires 
no setting-up in normal everyday use, 
and can be arranged to perform repeti- 
tive tests unattended over periods of 
0-th to 1 000h. 

The equipment comprises a 
amplifier and d.c. supply to drive a 
vibrator such as the GE.C. VEM5 
Mk. 2, an oscillator, a tape-deck, and a 
servo amplifier for constant acceleration 
control. All these are housed in a con- 
sole, together with control monitoring, 
safety and protection, circuits, and timing 
switches. Only the vibrator itself, the 
cooling fans and accelerometer cathode 
follower unit are separate from the 
console. 

Audio power output is of the order 
of 2°5kW with a total distortion of less 
than 2 per cent, in the frequency range 
30c/s to 10kc/s. The amplifier will deliver 
a total of up to 3kW into alternative 
impedances of 10°15 or 20%, before the 
operation of its protection circuit. Input 
may be from an external source, from 
the built-in oscillator, or from the tape- 
deck in the console. 

To supply the field coil of an electro- 
magnetic type vibrator a d.c. power unit 
delivers 230V at 2A with a ripple level 
not exceeding 5 per cent. 

The internal oscillator covers the range 


power 


30c/s to 10kc/s. Output frequency is 
indicated to an accuracy of +5 per cent 
on a_ single-scale logarithmically-cali- 
brated meter with a 240°, 10in scale. In 
addition to giving a fixed frequency out- 
put, the oscillator can be swept in fre- 
quency logarithmically with time. The 
limits of this sweep can be chosen from 
the complete oscillator range, and the 
sweep rate can be continuously varied 
between 4 and 140sec/octave. 

A Simon SP4 automatic reversing 
twin-track tape recorder is mounted in 
a drawer in the console. This can be 
fitted with a tape record of any required 
test within the frequency ranges covered 
by the amplifier. It will then play back 
the record continuously, with breaks for 
tape reversal of less than Ssec. 

Constant acceleration is achieved with 
the aid of g-level control unit, which 
can be fed with information from any 
one of three accelerometers. Accelera- 
tion can be held constant within + 1dB. 
The level is indicated on a_ meter 
logarithmically - calibrated between 2g 
and 100g. 

To simplify day-to-day operation, all 
the controls for normal use are on the 
front panel. After initial setting for a 
known task, simple on-off switching is 
all that is required. All warm-up and 
safety circuits are entirely automatic, so 
that no technical knowledge is required 
to start up the equipment and a change 
of task can normally be achieved by 
operation of push-button controls on 
the front panel. 

EE 26 760 for further details 


COMMUNICATION RECEIVER 

The BRT400D is a 14-valve super- 
heterodyne receiver with a _ frequency 
range of 150 to 385kc/s and 0°51 to 
30°0Mc/s, covered in six bands. Sensi- 
tivity, signal-to-noise ratio, frequency 
stability, etc., are of a high order, the 
provision of six-step variable selectivity 
and an extremely efficient crystal filter 
contributing to a performance specifica- 
tion which makes the receiver suitable 
for the most exacting service in almost 
any application. Facilities are included 
for diversity reception and, in conjunc- 
tion with suitable terminal equipment, 
f.s.k. (frequency shift keying) telegraphy 
operation. 

Normal operation of the receiver is 
from an a.c. mains supply but, in emer- 
gency or where no such supply exists, 
use of the BRT401 battery power unit 
makes it possible to operate from a 12V 
d.c. supply. 

All components, materials and finishes 
used in the construction of the BRT400D 
series of receivers have been individually 
selected and tested for satisfactory per- 
formance and reliability under rigorous 
tropical conditions. They comply either 
with British Services Specifications or. 
where these are inappropriate, have been 
subjected to the standard K.110 tropical 
test. 

For those applications where tele- 
graphy is of minor or no importance 
and where, as for example, for relay 
installations, the reception of high quality 
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telephony transmissions is the main con- 
cern, the Ikc/s a.f. acceptor filter may, 
if specially ordered, be replaced by a 
9kc/s rejector - filter. 


EE 26 761 for further details 


GENERAL PRECISION SYSTEMS 
LTD 


Aylesbury, Buckinghamshire 
AERONAUTICAL RESEARCH COMPUTER 

This computer was designed by 
General Precision Systems Limited to 
provide a compact, flexible and versatile 
analogue computer for the solution of 
problems in dynamics in the aeronautical 
field. The basic unit which is capable of 
considerable expansion, should the need 
arise, comprises the following elements: 

(a) 30 Amplifiers (high gain chopper 

stabilized) 

(b) 20 Sum integrate computing. net- 

works 

(c) 10 Sum computing networks 

(d) 40 Precision 10-turn coefficient 

potentiometers 

(e) 3 Velodyne-driven servo multi- 

pliers/function generators 

(f) 5 Motor-driven servo multipliers / 

function generators 

(g) 2 Electronic multipliers 

(h) 4 Electronic function generators 

(i) 5 Dead space and limiter simula- 

tion units 

(j) Digital voltmeter with selector panel 

to give direct access to computing 
elements 

(k) Double beam oscilloscope with 

similar panel 

(1) Forcing function generator 

(m) Central control and overload unit 

The amplifiers used in the computer 
have been specially designed to provide 
highly reliable yet economical units to 
be used with two types of computing 
network boxes for summation and inte- 
gration. In the case of the sum/integrate 
network the initial condition of the inte- 
gration is set by a 10-turn precision Heli- 
pot fitted to the unit. All networks are 
provided with 0-1 per cent precision com- 
ponents. In many cases the resultant 
computational accuracy may be better 
than the primary data, but reliability of 
results is enhanced by the use of these 
components. 

In the computer, equation coefficients 
or parameters under investigation are set 
and adjusted by 10-turn potentiometers 
of which 40 are provided. These are 
fused to guard against accidental damage, 
and may be set up or scanned very 
accurately by the use of the internal 
reference source and the digital voltmeter 
provided. 

Two types of servo multipliers have 
been provided in order to cater for a 
wide range of problems. The velodyne- 
driven type has limitations on the fre- 
quencies which it is able to handle, but 
the advantage that it may be used for 
integration, depending on the gear box 
fitted, over periods of hours. The poten- 
tiometer cards in this unit are 4in long 
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strip windings, and their design permits 
interchange of cards to simulate various 
functions, The iron free motor driven 
type of servo is ideal for operation in 
real time, since the upper limit of 
usable frequency response is 10c/s, In 
both types of servos certain of the gangs 
are provided with tappings on the 
potentiometer cards to permit off loading 
by adjustable resistors to give mathe- 
matical laws. The function required may 
be set up using the digital voltmeter. 

Adequate provision of _ electronic 
multipliers and function generators 
ensures that problems in which com- 
paratively high frequencies may be en- 
countered can also be handled. The 
multiplier is of the mark-space variety 
and can be used to give up to four pro- 
ducts. The 10-segment biased diode func- 
tion generators can be used to approxi- 
mate any single valued function of an 
input variable. The digital voltmeter is 
used to set up the required values of 
break points of the 10 straight line seg- 
ments most closely representing the 
function. 

The various elements are intercon- 
nected on a removable patch panel by 
means of single conductor cords, 
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GOODMANS INDUSTRIES LTD 
Axiom Works, Wembley, Middlesex 

AUTOMATIC SWEEP OSCILLATOR 

The E.502 sweep oscillator has been 
designed to provide an accurate and 
convenient source of sinusoidal oscilla- 
tion, frequency varying to a predeter- 
mined law. The standard model is 
arranged to sweep to the law specified 
in many guided weapons test specifica- 
tions, that is, the law 


(df/dt) = (1/70) f*’* 


It is however possible (to special 
order) to provide any law, the rate of 
change of frequency at the extreme limits 
of any particular band for which does 
not exceed a ratio of 100 to 1. 

Two frequency ranges are provided, 
Sc/s to 500c/s and 30c/s to 3ke/s. A 
high quality Wien bridge oscillator is 
employed, followed by a_ cathode- 
follower resulting in very stable fre- 
quencies and low distortion levels, also 
a very high degree of amplitude 
stability. At a given setting of the gain 
control amplitude variations between 
the two ranges or from one extreme to 
the other of either range are less than 
1dB and distortion levels are less than 
2 per cent. Automatic sweep operation 
is obtained from a direct current motor, 
controlled by a relay circuit and mag- 
netic clutch coupled to the frequency 
determining potentiometer. Adjustable 
limit switches preset the positions at 
which the motor reverses direction. 
Manual or single sweep operation 
facilities are provided. A microswitch 
adjustable to anywhere within the preset 
limits of the dial is provided. This 
operates a relay to enable change-over 
from constant acceleration to constant 
velocity measurements, where made in 
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conjunction with a g control amplifier. 

Two outputs are provided, one via 
an attenuator and cathode-follower and 
one at high level for synchronizing a 
stroboscope. 

Equipment is supplied as an individual 
unit in a case, or is available on a 
standard rack panel for fitting into rack 
or console as required. 

The maximum output is 5V into 20k2 
or 0°5V into 600%. 

EE 26 763 for further details 


SEVEN-CHANNEL CATHODE-FOLLOWER 
(Illustrated below) 

The model E.506 7-channel cathode- 
follower unit has been designed to enable 
barium titanate accelerometers to be 
cabled to the main measurement position 
of a vibration test system by relatively 
long cable runs. 

The input impedance is 100M and 
the output impedance 800° in series with 
a 0-SuF capacitor. The frequency response 
is S5c/s to 20kc/s +1dB; with 30ft of 


double screened cable attached, the 
response to the same degree of con- 
sistency is from 5c/s to 2kc/s. Lengths 
of cable of the order of 30ft may be 
used between the accelerometer and the 
cathode-follower input without reduc- 
tion of effective accelerometer sensitivity 
below the value normally found in prac- 
tice. This is achieved by the use of 
double screened cable the inner con- 
ductor of which is connected between 
the active element of the accelerometer 
and the grid of the input valve, the inner 
screen of the cable being connected to 
the cathode of the input valve at one 
end and insulated at the other end. The 
outer screen is earthed at one end and 
connected at the other end to the earth 
electrode of the accelerometer. This 
results in a reduction of the effective 
cable capacitance by a factor of approxi- 
mately 30. 

This unit can be supplied either in a 
case or for rack mounting. 
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HONEYWELL CONTROLS LTD 

Ruislip Road East, Greenford, Middlesex 
Direct READING OSCILLOGRAPH 

(Illustrated above right) 

Following the lifting of import 
restrictions on oscillographs from the 
United States, Honeywell Controls 
Limited have arranged with their U.S. 
associates to market a 14-channel direct 
reading oscillograph known as the Visi- 
corder. 

Known fields of application for this 
instrument include weather and earth- 
quake studies, space vehicle tracking, air 
flow and wind tunnel research, etc. 
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The Visicorder resembles a conven- 
tional oscillograph with its light source, 
mirror ga!vanometers, optical system and 
paper transport system. But no chemical 
means are used to obtain a permanent 
record. There is no ink, electrostatic 
charge, electric arc, chemical vapour or 
heat. 

Using six-inch wide paper, frequencies 
up to Skc/s can be recorded on 12 
channels, with two reference or timing 
traces. Intensity control, grid line system 
and trace identification are provided. The 
instrument lends itself to remote control 
as it contains a self-starting recording 
lamp. There is a built-in power pack. 

EE 26 765 for further details 


McMICHAEL RADIO LTD 
Wexham Road, Slough, Buckinghamshire 
RADAR RECORDER 
(illustrated below) 
This is standard naval equipment and 
is used for training radar operators. It 
can also be used for logging radar infor- 


mation where record is 
required. 

Outfit REJ uses 35mm film on which 
it can record and play back video signals 
from radar equipments which employ a 
p.p.i. information display unit and which 
have a continuously rotating aerial. It 
can operate in any selected range between 
ten and 160 miles with equipments which 
have a data rate of up to 100rev/min. 
A north marker line can also. be 
recorded. 

Three speeds of recording and play- 
back are provided and the basic master 


a permanent 
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drive unit can be adapted to suit either 
Magslip and/or ‘M’ type transmission. 

A tape recorder is incorporated in 
order to enable commentaries to be 
recorded and played back in synchronism 
with the film. 

Provision is also made to enable the 
recorder to be controlled from a separate 
remote control unit. 

EE 26 766 for further details 


BINARY ELEMENT 
(illustrated below) 

This special ‘divide by two’ binary 
element is an application of McMichael 
subminiature circuits. It is designed to 
be a versatile building block for use in 
compact computer development, aircraft 
and outer space research. It consists of 
a two transistor bistable circuit with 
provisions for inputs, outputs, and feed- 
back for decade counting. Designed to 


work from 5 to 7V it takes a current 
of 4mA. It will operate at speeds up 
to 109000 counts per second from 
pulses as short as 2ysec. Temperature 
range is 0 to 60°C. 

The size of this unit is 0-Sin® and the 
weight joz. It includes two germanium 
transistors, two germanium diodes, four 
ceramic capacitors and eight resistors; 
the component density being 221 000/ft’. 

EE 26 767 for further details 


MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
PRECISION UNIVERSAL BRIDGE 
(Illustrated above right) 

The TF1313 is a new general purpose 
impedance bridge with 0-25 per cent 
accuracy. It uses a single dial for L, C, 
and R measurements, but with coarse 
and fine concentric controls; the coarse 
one moves in 1 per cent steps and the 
fine interpolates 50 divisions per step. Its 
meter gives a clear indication of the 
direction of the balance point even when 
far off-balance, bringing speed and sim- 
plicity to measurements of completely 
unknown components. An external audio 
oscillator can be plugged in where L and 
C measurements are required at fre- 
quencies other than the internal 1 and 
10kc/s; and the detector output is avail- 
able externally to allow an oscilloscope 
or headphones to be used for balance 
indication. 

The ranges covered are: inductance, 
0-1uH to 110H at 1 and 10kc/s; capa- 
citance, O'IpF to 110uF at 1 and 10kc/s; 
resistance, 0-012 to 110M®2 at d.c. 

EE 26 768 for further details 
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TRANSPONDER TEST SET 
(llustrated below) 

Test set type 506, a differential pulsed 
attenuator, has been developed by 
Marconi Instruments Ltd in conjunction 
with the Ministry of Aviation as part of 
their Civil Secondary Surveillance Radar 
Programme, When operated with the 
Marconi u.h.f. signal generator TF1060, 
it is suitable for testing the receiver 
section of a transponder, and in particular 
the side lobe suppression characteristics 
as standardized by LC.A.O. 

The test set generates video pulse 
trains, consisting of two or three pulses, 
at a repetition frequency which is con- 
tinuously variable in one range from 
250 to 2000 per second. Individual pulse 
widths can be varied from 0-5 to 2°Ossec, 
the spacing being selected by a switch, 
either to give preset intervals correspond- 
ing to Civil Modes A, B, C and D or 
continuously variable up to 30sec. These 
pulse trains modulate the u.h.f. signal 
generator, which is set to the required 
r.f. frequency, and the resultant pulse 
modulated r.f. signal is fed back to the 
Test Set and passed through the differen- 
tial attenuator. This enables the relative 
amplitude of one pulse in a double pulse 
train, or one or two pulses in a treble 
pulse train, to be varied by plus or minus 
10dB with respect to the other. By suit- 
able selection with the * function’ switch 
the variable pulses can be either the con- 
trol or the interrogate pulses as desired. 

The resultant r.f. signal obtained at the 
output socket of the Test Set can, if re- 
quired, be monitored, by feeding the out- 
put into the built-in crystal detector with 
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its following video amplifier. The out- 
put from the ampiifier can be observed 
with a suitable oscilloscope such as the 
Marconi type TF 1330. A trigger pulse 
for the oscilloscope is provided at the 
“sync out” socket and occurs S5usec prior 
to the first r.f. pulse. 

This instrument has been designed so 
that the signal generator can be mounted 
above it as shown in the illustration. 
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MARCON?rS WIRELESS 
TELEGRAPH CO. LTD 
Chelmsford, Essex 
V.H.F. COMMUNICATION EQUIPMENT 

(illustrated below) 

This comprises a v.h.f. transmitter type 
6400 and a v.h.f. receiver type 6401. 
V.H.F. Transmitter 

This provides 360 crystal-controlled 
channels (with SOkc/s spacing) between 
118-O0Mc/s and 135-95Mc/s. The trans- 
mitter has an output of 25W. It weighs 
14lb and is housed in a short 3/8 ATR 
case. Used with the 6401 receiver it pro- 


vides a v.h.f. communication equipment 
of small size weighing only 23l1b. 

The equipment meets all the electri- 
cal requirements of ARINC characteristic 


520A, but includes a number of addi- 
tional features. Principal among these 
is the incorporation of automatic modu- 
lation control and 12dB of speech clip- 
ping, which ensures maximum intelligi- 
bility under all conditions. 

Maximum use is made of transistors, 
the modulator and crystal drive stages 
being fully transistorized. The use of 
recently developed sub-miniature over- 
tone crystals reduces the number of 
Stages required and gives increased pro- 
tection against spurious radiations. The 
transmitter can be used with either 
electromagnetic microphones (including 
noise-cancelling types) or carbon micro- 
phones, so that is is compatible with 
British and American intercommunica- 
tion systems without modification. 

The type 6400 is designed for either 
single channel or double channel simplex 
operation, and provision is made in the 
modulator circuits for future automatic 
data transmission systems. 

V HF. Receiver 

The 6401 receiver is designed for use 
with the 6400 transmitter and in addition, 
for use with other units to form a 
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fully transistorized v.h.f. navigation and 
approach guidance system. 

The 6401 receiver covers the band 
118-0 to 135-95Mc/s, and provides 560 
channels in that band. It is fully transis- 
torized, enabling it to be housed in a 
short 1/4 ATR case with a weight of 
only 8lb; its power consumption is only 
10W. 

It is a multiple superheterodyne with a 
final intermediate frequency of 500kc/s 
giving the main selectivity characteristic. 
The components in the detector circuits 
are designed to give satisfactory opera- 
tion ‘climax’ transmissions and the speech 
is fed through signal-to-noise operated 
‘squelch’ circuits to the audio output 
stages. 
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PYE TELECOMMUNICATIONS LTD 
Road, Cambridge 
RADIO DIRECTED TELEVISION 

This radio directed television system 
is completely transportable and is in- 
dependent of cables. 

This system permits control tower staff 
observation of areas they cannot see and 
all assembly areas, taxi ways, and run- 
ways, especially during operation periods 
of low visibility. It can also give close 
observation of aircraft take off and land- 
ing performance at test and experimental 
airfields. 

The use of a radio remote control link 
makes for a system of considerable flexi- 
bility, the distance between the control 
point and the camera being almost un- 
limited for most practical purposes. 

The equipment was demonstrated on 
the Pye Telecommunications indoor stand 
where an operator, using a joystick, 
directed a remote camera by radio at any 
point on the airfield. The control system 
is achieved over a 450Mc/s u.h.f. link 
and the pictures are fed back along a 
microwave link. The remote television 
camera is unattended and completely 
automatic, all its functions being con- 
trolled over the radio link. 

EE 26771 for further details 
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Ww. H. SANDERS 
LTD 
Gunnels Wood Road, Stevenage, Hertfordshire 
MICROWAVE CALIBRATION RECEIVER 
CUllustrated above right) 

An improved version of the 45Mc/s 
calibration receiver is now available and 
improvements to the existing unit include 
the following. 


(ELECTRONICS) 


Noise factor 18 to 2:5dB. 
I.F. frequency 45Mc/s. 
Bandwidth +2-5Mc/s. 

A dual movement meter is incorpor- 
ated allowing monitoring of the currents 
in the first and second stage detectors, 
and dual sensitivity positions for these 
meters gives a full-scale deflexion of 
either ImA or 100zA. 

A switched turret attenuator is incor- 
porated, having a range of 0 to 100dB 
in coarse control steps of 20dB and fine 
control steps of I1dB from 0 to 20dB. 
The head amplifier is a separate unit 
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designed for ease of serviceability and 
replacement of component parts. An h.t. 
check point is provided on the unit. A 
redesigned case houses the complete 
assembly which is mounted on a stand- 
ard rack. 

The head amplifier will accommodate 
any of the standard range of crystal 
mixers between waveguide sizes 10 to 22 
(2°60 to 40-00k Mc/s). 

EE 26772 for further details 


THE SOLARTRON ELECTRONIC 
GROUP LTD 
45 Thames Street, Kingston-on-Thames, 
DicitaL Data RECORDER 
(Illustrated below) 

This unit accepts analogue signals of 
either positive or negative polarity from 
up to 50 channels and converts these 
signals into digital form for driving an 
integral printer. The scan rate is two 
channels per second with an analogue- 
to-digital conversion accuracy of 0-1 per 
cent. The printer output data gives chan- 
nel identity, measured signal value and 
polarity on a continuous 3in wide paper 
strip. 

The equipment consists of the follow- 
ing units: a fifty-channel commutator, an 
analogue-to-digital convertor with asso- 
ciated display, and a printer. 

The commutator unit employs sealed 
relays with gold-plated contacts for low 
noise and long life. It acts as a 50-way. 
2-pole switch to connect each of the 50 
inputs in turn to the convertor. 

Any one of three modes of operation, 
viz.: continuous automatic sampling. 
single scan by external command, or 


Surrey 
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manual selection, can be selected by a 
switch on the commutator unit. The com- 
mutator unit is permanently connected 
to the analogue-to-digital convertor, the 
output of the latter being in appropriate 
coded decimal form for direct operation 
of the printer. 
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PRESSURE TRANSDUCERS 
(illustrated below) 

The NT 4-313 is a general-purpose 
pressure transducer for applications in- 
volving medium and_ high pressure 
measurement. Incorporating a minia- 
turized, unbonded strain gauge sensing 
element, it achieves reliability and re- 
peatability of results even under extreme 
conditions of vibration and temperature. 

The flush diaphragm of the transducer 
enables it to be mounted into the wall 
of a pressure vessel without altering the 
volume of the container or introducing 
turbulence into the flow of the pressure 
medium. 

Hermetically sealed absolute versions 
of the NT 4-313 are suitable for 
measurements in corrosive atmospheres, 
the clean design and inherent corrosion 
resistance of the stainless steel used 


permitting satisfactory operation of the 


transducer when it is in contact with 
liquids such as red or white fuming 
nitric acid, 100 per cent hydrogen 
peroxide or uranium hexafluoride. 

These gauges are available for pres- 
sure ranges between 100 and 5 000Ib/in’. 

A special version of this gauge, the 
type NT 4-317 will operate continuously 
at temperatures up to 600°F or up to 
2000°F using a cooling adaptor. 
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SOUTHERN INSTRUMENTS LTD 
Frimley Road, Camberley, Surrey 
* MEMORY’ MULTIMETER 
(Illustrated above right) 

With the E.R.L.C. universal electronic 
memory multimeter a wide range of 
measurements is made possible by the 
use of a ‘tripole’ circuit. The tripole is 
a balanced d.c. amplifier with three 
terminals, the characteristics, of any pair 
of terminals being vastly different from 
any other pair. One pair designated 
terminals 1, 2 has virtually infinite input 
impedance. The second pair 1, 3 has very 
low input impedance while terminals 2, 
3 exhibit very low output impedance. 

The latter property is required for 
driving a low impedance meter and 
terminals 2, 3 are used in this way. 

It is the high impedance across ter- 
minals 1, 2 which gives the E.R.I.C. 
many of its interesting features. The 
value is so high that a charged high 
insulation capacitor may be connected 
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across these terminals with no appre- 
ciable charge loss occurring over periods 
of several hours. Such a capacitor in- 
ternally connected in the instrument thus 
provides it with the feature of a 
memory. As there is unit voltage gain 
between these terminals and the output 
terminals, the meter will retain the read- 
ing of the input voltage as long as the 
capacitor holds its charge. An ‘erase 
button’ enables this charge to be 
removed at will. 

The E.R.LC. also makes possible the 
measurement of a wide range of resist- 
ance values up to many hundreds of 
megohms. 

EE 26775 for further details 


STANDARD TELEPHONES AND 
CABLES LTD 

House, Aldwych, London, W.C.2 
D.F. TRIANGULATION EQuIP- 


Connaught 
AUTOMATIC 
MENT 

In association with networks of auto- 
matic ground-based wide-aperture direc- 
tion finding stations, this new triangula- 
tion display provides an accurate and 
convenient aircraft position finder for 
use in air traffic control. Its main func- 
tion is to identify and locate aircraft 
entering or over-flying controlled air- 
space, using only the signals radiated by 
the aircraft in the course of ordinary 
communication with the control centre. 
Although particularly intended for use 
with the STC wide-aperture CADF sys- 
tem, the display is readily adaptable to 
other direction finders. 

The display equipment for the new 
PVT-2 system employs closed-circuit 
television and represents a further stage 
in the development of the established 
PVT-1 triangulation system. This is a 
ground-based aircraft position finder 
which has been in use in Britain and 
elsewhere in Europe for several years. 

The equipment at Farnborough was 
fed with ‘artificial’ signals from a simu- 
lator or ‘live’ signals from two direction 
finders tuned to one of the civil air 
traffic control frequencies. One of the live 
signals was fed from a CADF equip- 
ment at Bovingdon and the other will be 
fed from a CADF equipment which was 
exhibited by Airtech Ltd. 

EE 26776 for further details 


ULTRA ELECTRONICS LTD 
Western Avenue, Acton, London, W.3 
COMMUNICATION CONTROL SYSTEM 
This equipment provides a push-button 
selection system, which contributes to 
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an advance in miniaturization of this 
type of equipment. 

The basic station box (type UA6019) 
incorporates 15 push-buttons for the 
selection of communications (transmitters 
and receivers), inter-communication and 
cabin address facilities, yet the front 
panel is only S5jin X 3in (147cem xX 
76cm). The weight of the unit is 3lb 
(1-4kg). 

The UA60 is a de-centralized system 
with local amplifiers in each station box 
and the addition of a central junction 
box provides a comprehensive communi- 
cation control system. 

The range of equipment includes a'l 
the necessary associated items, such as 
junction box, ground crew amplifier, 
ground crew jack boxes and steward’s 
station boxes. 

The main the UA60 in 
addition to the small size and light 
weight made possible by the modern 
transistor and printed circuit techniques 
employed, are push-button selection for 
15, 25, or 35 services, volume control in- 
corporated with the push-buttons for all 
receiver channels and an edge-lit panel 

The system is designed to current U.S 
installation standards and is equally 
suitable for British or American radio 
equipment. It can be tailored to system 
specification. 


features of 
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VACTRIC (Control Equipment) LTD 
Vactric House, Sloane Street, London §.W.1! 
SERVO COMPONENTS 

(Illustrated below) 

Included in a wide range of inter- 
national frame size precision servo com- 
ponents were three new units. These are 
a size 15 acc. motor tachogenerator, a 
size 15 split-field d.c. motor and a size 
08 a.c. motor. 

The size 15 a.c. motor tachogenerator 
has a two-phase 400c/s motor and a 
tachogenerator output of 3-0V/1 000 rev/ 
min with a linearity of +0°5 per cent. 

The stalled torque of the split-field 
motor is 160g. cm at maximum excita- 
tion. The maximum external series resis- 
tance is 1882 and the maximum armature 
current 1A. The armature inertia is 
13g. cm*, the field current 40-0-40mA 
and the field resistance 8002 per winding. 

The size 08 a.c. motor is a two-phase 
400c/s unit having a minimum stalled 
torque of 219g. cm and a no-load speed 
of 6 200rev/min. The motor weighs 48g. 


EE 26778 for further details 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


October Time: 6.30 p.m 

The London School of a and 
Medicine, Keppel Street, Gower 
Street, London W.C 

Lecture: Electro-Acoustics for Human Listeners. 

By: Professor Colin Cherry. 

Date: 26 October. Time: 10.45 a.m. to 12.30 
p.m. and 2.30 p.m. to 5.15 p.m. and 

Date: 27 October Time: 10 a.m. to 12.15 
p.m. and 2.30 p.m. to 5.15 

Held at: The School of Pharmacy, 
Square, London Lom | 

Two Day Symposium on New Components com- 
prising over 20 papers to be read in the 
morning and afternoon sessions 

Papers will be pre-printed and advance registra- 
tion will be necessary. Details may be ob- 
tained from fe Brit. 1.R.E., 9 Bedford Square, 
London W.C.1 


Birmingham 


Date: 26 October 
Held at 


Date: 12 
Held at: 
Tropical 


Brunswick 


-West Midlands Section 
Time: 


7.15 p.m 
The Department 


; of Electrical Engin- 
eering, University of Birmingham, Edgbaston. 

Lecture: Industrial Applications of Automatic 
Control Using Electronic Techniques. 

By: R. J. F. Howard. 


Bristol—Sovth Western Section 


Date: 6 to 7 October 

Held at: The College of Science and Technology, 
Ashley Down Road 

A Convention on Aviation Electronics and_ its 
Industrial Applications 

Details and Registration Forms may be obtained 
from W. C. Henshaw, Hon. Secretary, Brit 
1.R.E., South Western Section, c/o School 
re! paanngemnent Studies, Unity Street, Bris- 
to 

Date: 26 October Time: 7 p.m 

Held at: The School of Management 
Unity Street 

Lecture Radio 
developed by 
nit 

By: J. S. Shayler 


Cardiff—-South Wales Section 


October. Time: 6.30 p.m 
The Welsh College of Advanced Tech- 
Lecture 


The Use 
cuitry 


By: A. R. Owens 
Edinburgh—-Scottish Section 


Date: 5 October Time: 7 p.m 

Held at: The Department of Natural Philosophy, 
The University, Drummond Street 

Lecture: Technical Education for the Radio and 
Television Industry 

By: J. B. Rimmer 

Glasgow 

Date: 6 October. 

Held at: The Institution of Engineers and Ship- 
builders. 39 Eimbank Crescent 

Lecture: Technical Education for the Radio and 
Television Industry. 

By: J. B. Rimmer 


Manchester——North Western Section 


Date: 6 October Time: 7 

Held at: Reynolds Hall, PE ooo College of 
Science and Technology, Sackville Street. 

Lecture: v.h.f. fm/am Transistor Receivers. 

By: L. E. Jansson. 


Newcastle-upon-Tyne—North Eastern Section 
Date: 12 October Time 6 p.m. 
Heid at: The Institution of Mining and Mechan- 


ical Engineers, Neville Hall. Westgate Road. 
A Film Evening including ‘This is the BBC ’. 
Wolverhampton—West Midlands Section 
Date: 12 October Time: 7.15 p.m. 
Held at: The College of Technology, 
Street. 
Lecture: Electrical 
By: Alan Douglas. 


Studies, 


Aids for Automatic Landing 
the Blind Landing Experimental 


Date: 19 
Held at 
nology 


of Transistors in Pulse Cir- 


—Scottish Section 
Time: 7 p.m 


Wulfruna 


Synthesis of Music. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 
Ordinary Meeting 


Date: 6 October Time: 5.30 p.m 
Held at: Savoy Place, London C2 


ELECTRONIC ENGINEERING 


Inaugural Address as President— 
By: Sir Hamish D. Maclaren. 
Medical Electronics Discussion 
Date: 7 October Time: 6 p.m. 
Held at: Savoy Place, London W.C.2. 
Discussion on Nerve Endings 
Opened by: Dr. O. C. J 
D. R. Wilkie. 
Measurement and Control Section 
Date: 11 October Time: 5.30 p.m 
Held at: Savoy Place, London W.C.2 
Chairman's Address—C. G. Garton 
Education Discussion Circle 
Date: 12 October Time: 6 p.m 
Held at: Savoy Place, London W.C. 
Discussion on Laboratory Work for * Part 3 
Examination. 
Opened by: P. F. Soper. 
Measurement and Control Section 
Date: 25 October. Time: 5.30 p.m. 
Held at: Savoy Place, London Wied 2 
Lecture Rapid Methods for ‘Ascertaining 
whether the Activity of a Weak Radioactive 
Sample Exceeds a Predetermined Level. 
By: E. H. Cooke-Yarborough 


Electronics and Se Section 
Date: 26 October Time: 5.30 p.m. 
Held at: Savoy Place. London W.C.2 
Chairman’s Address—-T. B. D. Terroni. 


Ordinary Meeting 


Date: 27 October Time: 5.30 p.m. 

Held at: Savoy Place, London we 2. 

Lecture: The Principles and Operation of Large 
Radio Telescopes 

By: A. Hewish. 


THE INSTITUTE OF NAVIGATION 


Date: 19 October Time: 2.30 p.m. 

Held at: The Royal Geographical Society, 1 
Kensington Gore, London S.W.7 
Lecture: Navigation in Sport 

For this year’s annual meeting for 
School Cadets 
Date: 26 October 
Held at: The Royal Sone 
Kensington Gore, London W.7 
Annual General Meeting 
Presidential Address 
Lecture: The Philosophy 
By: Wing-Commander E 


THE SOCIETY OF INSTRUMENT 
TECHNOLOGY 
Date: 13 October 
Held at Manson 
London W.1 
Lecture: Transistor 
Control Systems 
By: W. A. Ross 
Chester Section 
Date: 27 October Time: 7 p.m 
Held at: Lecture Theatre, Administration Build- 
ing, The Associated Ethyl Co Ltd, Oil Sites 
Road, Ellesmere Port, Wirral 
Lecture: Analogue Computers 
By: W. E. Willison 
Fawley Section 


Time: 5.30 p.m 
Administration building, Esso Refinery, 


Group 


Lippold and Dr. 


Nautical 


Time 3 p.m. 
Society, 1 


of Navigation Today. 
W. Anderson. 


Time: 7 p.m 
House, 26 Portland Place, 


Switches in Monitor and 


Date: 7 October 
Held at 
Fawley 
Lecture: The 
mentation 
By: D. S. Evans 
Manchester Section 
Date: 12 October Time: 6.45 p.m 
Held at: College of Science ott Technology, 
Sackville Street, Manchester 


Lecture: Data Handling and Processing. 
By: E. K. Robertson. 


Basic Principles of Digital Instru- 


THE TELEVISION SOCIETY 


Date: 13 October. Time: 7 p.m 
Held at: Cinematograph Exhibitors’ 
164 Shaftesbury Avenue W.C.2. 
Lecture: Automation in Television Presentation. 
T. A. H. Marshall 
27 October Time: 7 p.m 
Held at: Cinematograph Exhibitors’ 
164 Shaftesbury Avenue 
Discussion on New Standards aA 
of Colour Television. 


Association, 


" Association, 


the Problem 
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PUBLICATIONS 
RECEIVED 


LIST OF PUBLICATIONS AVAILABLE TO 
THE PUBLIC. Cumulation No. 4. January- 
December 1959 is published by the Atomic 
Energy Research Establishment Library, Harwell, 
ene. and is available from H.M.S.O. Price 


ais RCA RECEIVING TUBE MANUAL. 
Technical Series RC-20 published by the Electron 
Tube Division of the Radio Corporation of 
America is a new edition containing technical 
data for more than 760 receiving tubes, including 
types for black-and-white and colour television, 
series-string applications, ac/dc equipment, 12- 
volt car radio receivers, and high-fidelity audio 
applications both monophonic and stereophonic. 
Copies of this manual may be obtained from 
Commercial Engineering, Electron Tube Division, 
Harrison, New Jersey, U.S.A. Price $1.00. 


APPLICATION REPORT DC TO pbc 
TRANSISTORISED CONVERTORS, MK/143, 
Ed. . by R. A. Holme, published by the 
Transistor Division of Standards Telephones & 
Cables Ltd., Footscray, Kent. Available free of 
charge on application 


UNITED KINGDOM ATOMIC’ ENERGY 
AUTHORITY Sixth Annual Report for the 
period 1 April-31 March 1960. Published by 
H.M.S.O. Price 5s 


TRANSISTORS AND GERMANIUM DIODES 
is published by the Components Group of Stan- 
dard Telephones & Cables Ltd., Footscray, Kent. 
Available free of charge on application 


KNITMESH ELECTRONIC PRODUCTS, _in- 
cluding Radio Frequency Shields is the title 
of a brochure giving full details of equipment 
manufactured by nitmesh Ltd, 36 Victoria 
Street, London S.W.1. Available free of charge 
on application to the above address 


BRITISH STANDARDS INSTITUTION Annual 
Report 1959-60 covers the Institution's year 
1959-60 (i.e. the period from 1 April, 1959, to 
31 March 1960) Available on application to 
the British Standards Institution, British Stan- 
dards House, 2 Park Street, London W.1. Price 
7s 

PRINTED CIRCUITS Manufactured by Line 
Production Methods is the title of a booklet 
published by Bribond Ltd, Burgess Hill, Sussex. 
Available free of charge upon application to the 
above address 
INSTRUCTIONAL 
a leaflet giving an 
specification of the 
experimental uses 
Ltd, Crowborough, 
further information 


SERVO SYSTEM—ESIA is 
illustrated description and 
system and describing its 
Manufactured by Feedback 
Sussex, this leaflet and 
can be obtained from Miss 
Alison Lang, Public Relations Consultants Ltd, 
4 Great Queen Street, London W.C 


TRANSMISSION TESTING APPARATUS 
CATALOGUE C/TT-11 Ed. 3/1 is published by 
the Transmission Division of Standard Tele- 
phones & Cables Ltd, North Woolwich, London 
E.16. The apparatus described in this catalogue 
has been developed mainly for the installation 
and maintenance of a wide variety of carrier 
telephone and other systems. Further details can 
be obtained from the address given above 


LIGHT SOLDERING DEVELOPMENTS LTD, 
28 Sydenham Road, Croydon, Surrey, have pub- 
lished two brochures on their Litesold and 
Adamin soldering equipment Their soldering 
instrument range now includes 33 different 
models. The Adamin low-voltage range is an 
entirely new product which has been introduced 
to supplement the Litesold type where minimum 
size and exceptional performance is_ essential 
It is made on a completely different principle 
with the element inside the bit. Both brochures 
and further information can be obtained direct 
from the manufacturer. 

THE NATIONAL COUNCIL FOR TECHNO- 
LOGICAL AWARDS Report for the period 
April 1959 to March 1960 is now available on 
application to The Secretary, National Council 
for Technological Awards, 9 Cavendish Square, 
London W.1 

COMMUNICATIONS MEASURING’ EQUIP- 
MENT is 2 new catalogue dealing with Siemens 
& Halske test gear for laboratory and production 
measurements on communication equipment and 
components. This catalogue was released by 
R. H. Cole (Overseas) Ltd, 2 Caxton Street, 
Westminster. London S.W.1, on the occasion of 
the recent IL.E.A. Exhibition held in London, 
where a range of microwave sweep measuring 
equipment was on display. A description is also 
given of the complex coupling ratio tracer and 
equipments for level measurement and display. 
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A complete range of Continental Printed Wiring Edge Connectors 
is available to suit the recently agreed international standards 
of :1” and :2” pitch. These connectors are similar in design to the 
well-tried :156” range. Designed to overcome the present difficult- 
ies encountered when using printed wiring board edges as plugs, 
they incorporate the patented ‘BELLOWS ACTION”’ contacts. These 
contacts have a coil-spring action that permits the use of under- 
sized or oversized board tolerances, the contact pressure and 
contact resistance remaining substantially unchanged. 


Full details of these new ranges and of the many other connec- 
tors available from Continental can be had on request. 
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The following pages contain French and German translations of our 
“Electronic Equipment’ pages and summaries of the main articles. 
It will be noted that each item in the ‘Electronic Equipment’ Section 
concludes with a number. These numbers are for the use of readers 
who require further information about particular items and should 
be quoted on the Reader Information Service Card at the end of 
the journal. 


Advertisement pages, facing matter, can be included in this Language 
Section for British and Overseas advertisers. Details on application 
to ‘‘The Advertisement Manager’’. 


Les pages qui suivent contiennent des traductions en frangais et 
en allemand de nos pages d’EQUIPEMENT ELECTRONIQUE, ainsi 
que des resumés des principaux articles. 


On remarquera que chaque article dans la section EQUIPEMENT 
ELECTRONIQUE se termine par un numéro. Ces numéros sont a 
lusage des lecteurs qui pourraient avoir besoin de renseignements 
complémentaires au sujet de certains de ces articles et ils doivent 
donc étre rappelés sur la carte du ‘Service de Renseignements aux 
Lecteurs’’ d la fin de la revue. 


Des pages d’annonces et de publicité en regard d’elles peuvent étre 
réservées dans cette Section Etrangére aux annonceurs britanniques 
et d'outre-mer. Pour plus de détails, s’adresser au Chef de la 
Publicité. 


Auf den folgenden Seiten bringen wir franzdsische und deutsche 
Ubersetzungen der Seiten , Elektronische Gerdte” und der Zusam- 
menfassungen der Hauptbeitrdge. 


Am Fusse jeder Beschreibung in der Rubrik , Elektronische Gerdte’’ 
steht eine Nummer. Leser, die an weiteren Auskinften iiber bestimmte 
Gerdte interessiert sind, werden gebeten, diese Nummer auf der 
Leserdienstkarte am Ende des Heftes anzugeben. 

Anzeigen britischer und ausldndischer Firmen kénnen auf Seiten 


gegeniiber fremdsprachigem Text erscheinen. Einzelheiten bitten 
wir vom , Leiter der Anzeigenabteilung’’ anzufordern. 


Electronic Engineering 


28 ESSEX ST., STRAND, LONDON, W.C.2, ENGLAND 
Telephone: CENtral 6565 Telegrams: ‘Lectroning, Estrand, London’ 
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Une description, basée sur des renseignements fournis par les fabricants, de certains des 
appareils électroniques exposés au dernier salon de la Société des Constructeurs d’Avions 
Britanniques. 


BELLING AND LEE LIMITED 
Great Cambridge Road, Enfield, Middlesex 


CONNECTEURS A BROCHES MULTIPLES 
(Illustration a la page 651) 

La série des fiches et prises CAM- 
LOCK et AUTOLOCK présente une 
forme de construction ott chaque broche 
de connecteur s’enclenche individuelle- 
ment dans sa prise d’accouplement. Ceci 
a pour effet d’assurer la connexion posi- 
tive de tous les pdles ainsi qu’un degré 
élevé de sécurité dans des conditions de 
chocs et de vibrations. 

Le principle de fonctionnement est 
expliqué dans la figure c-aprés. Nor- 
malement, la broche de la_ fiche 
semboite librement dans la prise, qui 
est divisée axialement par une ou 
plusieurs encoches. Lorsqu’on applique 
une force de compression a louverture 
de la prise, ainsi qu’indiqué par les 
fleches, les parois intérieures pésent sur 
la broche bulbeuse et, &4 mesure que la 
force augmente, les parois de la prise 
assument une forme courbe, avec un axe 
roulant. L’ouverture de la prise ne ren- 
contre effectivement jamais le cou de la 
broche, le contact final se faisant a un 
certain point entre les niveaux AA et 
BB, selon les tolérances individuelles qui 
ne sont donc pas critiques. 

Deux types distincts de connecteur 
appliquant ce principe furent exposés, 
lun désigné par le nom de CAMLOCK 
et l'autre par celui de AUTOLOCK. Le 
premier est muni de contacts multiples 
disposés en rangées droites, la force de 
fermeture étant appliquée par une barre 
avec encoche en forme de trou de ser- 
rure entourant Touverture de chaque 
prise. Cette barre est déplacée le long de 
la rangée des contacts par un axe excen- 
trique actionné par une clef rotative 
incorporée a lorgane a fiche libre. La 
série CAMLOCK se distingue par un 
dispositif polarisant simple, qui permet 
de caler jusqu’A 36 montages d’accouple- 
ment différents et non-interchangeables, 
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chacun deux étant numéroté de facon 
distincte. 

Pour le type AUTOLOCK, Ilaction de 
verrouillage se fait automatiquement au 
stade final de l'accouplement. La partie 
extérieure de louverture de la prise est, 
chez ce type, en forme de cloche et elle 
est fermée par le mouvement axial d'un 
manchon cylindrique. Le connecteur a 
poles multiples n'est muni que d'une 
seule plaque de verrouillage. Un trou 
est percé dans cette derni¢re pour chaque 
pole, au lieu d'une multiplicité de man- 
chons individuels. Les contacts peuvent 
étre groupés en mimporte quel dessin 
voulu. Dans Tune des formes de 
groupage exposées, utilisant un loge- 
ment circulaire, T'accouplement de la 
fiche et de la prise, ainsi que le ver- 
rouillage ultérieur des pdles, se fait par 
la rotation angulaire du logement de la 
fiche. Ce type de connecteur AUTO- 
LOCK est complétement  scellé_ et 
l'utilisateur a un choix de six montages 
d’accouplement différents. 

EE 26751 pour plus amples renseignements 


S. G. BROWN LTD 
Shakespeare Street, Watford, Herts 

AMPLIFICATEUR ASSERVI 

Cet amplificateur de 6,5 W Aa transistors 
npn au silicium peut fournir sa puissance 
de sortie nominale a des températures 
ambiantes _atteignant + 90°C sans 
l'emploi d’aucune source froide supplé- 
mentaire. Il a été concu principalement 
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occupera le Stand 6002 dans le 
Hall F 4 INTERKAMA (Congrés 
et Exposition Internationaux 
d’Instrumentation et d’Automatisa- 
tion) qui se tiendra a Diisseldorf, 
Allemagne Occidentale, du 19 au 
26 octobre 1960. Nos visiteurs y 
seront les bienvenus. 
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pour étre utilisé en liaison avec le moteur 
asservi type 15B. Il produit un gain 
global de puissance de 72 dB lorsqu'il 
fonctionne a partir d'une impédance de 
source non inférieure & 250 ohms. Prévu 
pour fonctionner sur fréquence porteuse 
de 400 Hz, l'amplificateur asservi est 
livré sous forme d’appareil scellé aux 
dimensions de 8,25 cm x 3,17 cm 
5,08 cm. 

Le bloc d’alimentation  transistorisé 
fonctionne sur 400 Hz, 115 V, et peut 
fournir un courant continu allant jusqu’a 
30 W 


EE 26 752 pour plus amples renseignements 


OSCILLATEUR A DIAPASON ET BLOC 
DIVISEUR 

L’oscillateur & diapason est une source 
autonome de fréquence acoustique, con- 
struite en acier au nickel a4 coefficient de 
température extrémement bas et ayant 
un mécanisme d’entrainement électro- 
magnétique de conception originale, La 
fréquence nominale est de 2 kHz a plus 
de 0,005 a 20°C. D’autres fréquences, 
dans la gamme de 2 kHz a 2,4 kHz, 
peuvent étre fournies sur demande. 

Cet oscillateur transistorisé utilise un 
transistor au silicium et fonctionne con- 
venablement sur piles séches du _ type 
pour appareils de surdité. Sa gamme de 
températures de fonctionnement va de 
-~40°C a +70°C. Les dimensions du 
boitier contenant loscillateur & diapason 
sont de 6,35 cm x 6,35 cm x 7,62 cm. 

Le diviseur de fréquences fournit un 
rapport de division de 5:1 et il a été 
essentiellement étudié pour étre employé 
avec l’oscillateur a diapason de 2 kHz 
S. G. Brown, afin de donner une fré- 
quence de référence de 400 Hz des 
plus précises. Les dimensions du boitier 
contenant tant loscillateur a diapason 
que le diviseur sont de 6,98 cm x 9,52 cm 
x 8,89 cm. 


EE 26 753 pour plus amples renseignements 
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BRYANS AEROQUIPMENT LTD 
1 and 15 Willow Lane, Mitcham, Surrey 
TABLE POUR RELEVES EN COORDONNEES 
(Illustration a la page 651) 


Cet instrument autonome et de con- 
struction compacte peut étre utilisé sur 
établi ou sur pupitre. Il recoit des sig- 
naux X et Y, sous forme de tensions 
continues et les convertit en positions 
de plume appropriées, tracant ainsi le 
graphique des rapports X/Y A mesure 
que ces signaux varient. Il est également 
pourvu d'une base de temps qui peut 
étre commutée sur l’axe X, permettant 
ainsi de reporter la tension Y par rap- 
port au temps. 

La table a un couvercle en perspex 
afin de proteger la surface de report 
contre la poussiére, le papier graphique 
étant tenu en place par l’aspiration d’un 
ventilateur a travers le lit poreux de la 
table. L’alignement du papier est assuré 
par des micrométres. 

La plume est du type capillaire et a 
grand réservoir d’encre. Elle est abaissée 
a la position d’écriture par l’action d’un 
commutateur sur le panneau frontal. 

La table peut guiper du papier dont 
les dimensions peuvent aller jusqu’A 43,2 
x 27,9cm, donnant une surface de 37,1 
x 25,4.cm. 

La plume est commandée par les deux 
axes d’un mécanisme d’asservissement des 
plus perfectionnés, assurant une réponse 
dynamique rapide et une grande pré- 
cision de position. La position de la 


plume est mesurée par les potentiométres 
de précision parcourant la table en long 


et en’large. Le plus grand soin a été 
apporté a l’étude des circuits auxiliaires 
et d’asservissement, afin d’assurer le 
minimum de dérive. Le résultat en a été 
une excellente stabilité 4 long terme. 

Les commandes de la table sont toutes 
logées dans le panneau frontal qui est 
de forme inclinée. A gauche, se trouvent 
les commandes d’axe Y, au centre il y 
a celles d’axe X, ainsi que le commuta- 
teur de secteur et la lampe pilote. 

Les deux autres commandes d’axe Y 
sont marquées “SENSITIVITY”, “FINE” 
et “COARSE” (soit: sensibilité, réglage 
précis et réglage approximatif). A l'aide 
de ces commandes, on peut ajuster la 
sensibilité de l’'asservissement de I'axe Y 
& mimporte quelle valeur entre les 
limites de 0,07 V/pouce et 7 V/pouce de 
mouvement de plume. 

L’axe X a les mémes commandes de 
déplacement de la plume et de réglage 
de la sensibilité que celles de l’axe Y, 
ce qui permet de placer la plume en 
n'importe quel point de l’'axe X. On 
peut ainsi, en liaison avec la commande 
de déplacement Y, établir un point de 
repére pour les signaux d’entrée zéro, a 
n'importe quel point de l'ensemble de la 
surface de report. 

La base de temps a une gamme de 
vitesses de 100/1, ce qui est fort étendu 
pour un systéme entrainé par moteur et 
peut donner lieu a un léger “cahotement” 
aux vitesses réduites lorsque le moteur 
passe par saccades d'un segment de 
commutateur a l'autre, mais cela n’est 
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d’aucun inconvénient dans la plupart des 
cas. 

La base de temps est déclenchée par 
le bouton marqué “trigger” (déclenche- 
ment) sur le panneau frontal, mais elle 
peut étre déclenchée par un circuit 
amené jusqu’a la prise de signal d’ot 
l'on pourrait vouloir déclencher son 
balayage par un signal extérieur quel- 
conque. La base de temps est munie 
d’un dispositif automatique de retour au 
cours duquel la plume est soulevée afin 
de ne pas laisser une trace de retour 
sur le papier pouvant induire en erreur. 
Si le commutateur d’écriture est dans la 
position “lift” (levée), la plume ne sera 
pas abaissée durant le balayage de la 
base de temps, de sorte que le balayage 
pourra étre ajusté sans marquer le papier. 

La vitesse de tragage peut atteindre 
50,8 cm/sec. et la vitesse de la base de 
temps est variable de 0,3cm a 25,4cm/ 
sec. 

EE 26 754 pour plus amples renseignements 


COSSOR RADAR AND 
TRONICS LTD 
The Pinnacles, Harlow, 


REPONDEUR DE BORD 


ELEC- 
Essex 


(illustration a la page 652) 


Le répondeur de radar secondaire, type 
1251, se caractérise par le fait qu'il sup- 
prime les lobes latéraux. 

Quoique les lobes latéraux de 
lantenne d'un émetteur pilote d’impul- 
sions ou “interrogateur” soient d’une 
amplitude beaucoup plus réduite que 
Pétroit faisceau principal, ils fournissent 
une intensité de signal suffisante pour 
déclencher des répondeurs qui ne sont 
pas en mesure de discriminer contre 
linterrogation de lobes latéraux. Ceci 
aurait pour résultat de diffuser les 
réponses de Ilavion sur une surface 
étendue, de sorte que les informations 
de gisement se perdraient et que d'autres 
effets indésirables se produiraient tels 
que le brouillage d'autres stations terres- 
tres et le captage des répondeurs par des 
stations locales, rendant ainsi ces 
stations éloignées insensibles a l’interro- 
gation. 

La suppression des lobes latéraux se 
fait en ajoutant a lemission d’interroga- 
tion directionnelle, une émission de con- 
tréle omnidirectionnelle. Grace aux cir- 
cuits incorporés dans le répondeur 
SSR.1251, les réponses ne sont données 
qu’aux interrogations dont l'amplitude 
et les impulsions de commande se 
présentent dans un rapport qui ne peut 
exister que dans la direction du lobe 
principal. Le systeme de suppression du 
lobe latéral, tel qu’il est actuellement 
spécifié par TVILC.A.O. (Organisation 
Internationale d’Aviation Civile) est le 
systtme dit & deux impulsions. En 
variante, un systéme a trois impulsions 
est en cours d’étude et pourrait égale- 
ment étre soumis 4 lapprobation des 
comités internationaux. Le matériel de 
sol Cossor peut étre fourni pour fonc- 
tionner avec I'un ou l’autre de ces sys- 
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temes, cependant que le matériel de 
bord—actuellement fourni pour étre 
utilisé avec le systeme & deux impulsions 
—peut éire adapté a l'emploi du sys- 
téme a trois impulsions. 

Le répondeur de bord se préte au 
fonctionnement non-pressurisé jusqu’a 
une altitude de 20000 pieds et il est 
prévu pour répondre a des signaux 
d'interrogation formés de paires d’impul- 
sions de 0,8 usec, a intervalles de 8 usec 
(mode A) ou 17 usec (mode B). Enfin, 
l'appareil a été réalisé en prévision d'une 
utilisation future de modes supplémen- 
taires de 21 et de 25 usec (modes C et 
D). 
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EKCO ELECTRONICS LTD 
Southend-on-Sea, 


RADAR METEOROLOGIQUE DE BORD 
(Illustration a la page 652) 


Essex 


Le radar météorologique poids léger 
3.cm, Ekco type E190, ne pése que 26 kg 
et sa portée est de 241.4km. Se com- 
posant de trois éléments seulement, cet 
appareil transistorisé offre tous les avan- 
tages qu’on est en droit d’attendre d’un 
radar météorologique moderne, y compris 
une image d'une grande brillance et une 
antenne de 61 cm, pleinement stabilisée. 
Il fournit des indications précises de 
distance et d’azimut sur les formations 
de nuages cumulo-nimbus et permet des 
représentations topographiques du ter- 
rain survolé. 

Un dérivométre Doppler peut 
ajouté comme auxiliaire facultatif. 

Le radar E190 fut également exposé 
comme double systtme émetteur-récep- 
teur et indicateur, en accord avec la 
pratique habituelle de produire en double 
certains dispositifs essentiels et répondant 
a des réglements obligatoires. A l'aide de 
ce systtme, des conditions de sécurité 
absolue sont, en effet, assurées car lun 
ou l’autre des deux indicateurs fonc- 
tionne avec l'un ou I’autre des émetteurs- 
récepteurs. Les caractéristiques de com- 
portement sont semblables a celles de 
l'appareil Ekco standard, en dehors de 
la consommation électrique accrue. Notre 
gravure montre l'ensemble d’exploration 
du radar type E190 monté sur le nez de 
fuselage d'un avion Vickers Vanguard. 
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FERRANTI LTD 
Hollinwood, Lancashire 


TRANSDUCTEUR DE DEPLACEMENT 
(llustration a la page 652) 


Ce transducteur permet de mesurer 
avec précision le déplacement angulaire. 
Une bobine primaire centrale est 
excitée par un courant de 20 volts, 2400 
Hz, établissant un couplage inductif 
entre la bobine primaire centrale et 
deux bobines secondaires extérieures. 
L’arbre, dont on veut mesurer le déplace- 
ment, est relié & une spire de cuivre en 
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court-circuit, qui est mobile dans un 
entrefer de l’organe central. 

La spire court-circuitée étant dans la 
position centrale, le couplage inductif 
entre la bobine primaire et les bobines 
secondaires est symétrique et il n’y a 
pas de sortie de puissance des bobines 
secondaires. Le déplacement de la spire 
court-circuitée de la position centrale 
dérange la symétrie du couplage in- 
ductif et donne lieu 4 une sortie de ten- 
sion des bobines secondaires, propor- 
tionnelle au déplacement. Un carter en 
acier doux protége le transducteur. 
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FIRTH CLEVELAND INSTRUMENTS 
LTD 
Pontypridd, Glamorgan 


PORTATIF (Tacny- 


Treforest, 

FREQUENCEMETRE 
METRE) 

(Illustration a la page 653) 


Le fréquencemétre type FMIOIS est 
un instrument poids léger pour mesurer 
la fréquence de signaux a variation 
étendue, tant d’amplitude que de forme 
d’onde, dans la gamme de fréquences de 
10 Hz a 200 kHz. L’instrument fonc- 
tionne sur batterie intérieure ou sur sec- 
teur. Dans la gamme de fréquences pré- 
citées, la précision des indications est de 
+24% de léchelle totale lorsque les sig- 
naux d’entrée ont une amplitude allant 
de 0,075 4 10V efficaces. En plus de la 
mesure de fréquence directe, Il’instru- 
ment peut étre employé pour la tachy- 
métrie ott le signal d’entrée nécessaire 
peut étre produit au moyen d'une bobine 
exploratrice magnétique, reliée a une 
roue dentée ferreuse et accouplée a un 
arbre rotatif. En variante, l’arbre rotatif 
peut étre accouplé 4 un rupteur, soit 
mécanique soit a cellule photoélectrique 
et source lumineuse. Dans ce dernier 
cas, une prise a part est ajoutée au fré- 
quencemétre afin d’exciter une téte de 
phototransistor et une source lumineuse. 

Le signal donné au _ fréquencemétre 
est injecté, & travers un étage d’entrée 
d'impédance moyenne, & un amplifica- 
teur produisant une forme d’onde a 
front raide pour déclencher un circuit 
bistable dont la fonction est de produire 
une onde carrée d'un rapport repére/ 
espace égal, quelle que soit londe 
d’entrée. La puissance de sortie du cir- 
cuit bistable est encore amplifiée par un 
contre-circuit de commande, produisant 
ainsi une onde carrée a grande ampli- 
tude qui actionne le transistor de sortie. 
La sortie de ce dernier est limitée par 
une diode de référence Zéner, qui assure 
Vapplication d’une onde carrée d’ampli- 
tude constante a travers les condensa- 
teurs d’étalonage et les diodes redres- 
seuses formant le circuit de mesure. Le 
courant de condensateur redressé qui en 
résulte, passe par le fréquencemétre et 
il est directement proportionnel au taux 
de répétition des impulsions et, par con- 
séquent, a la fréquence des signaux 
d’entrée ou cadence d'impulsions. Les 
indications de Tinstrument ne sont pas 
affectées par les variations de tension 
d’alimentation ou par les changements 
de niveau du signal d’entrée. Afin de 
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lui assurer le degré maximum de porta- 
bilité, T'instrument est pourvu d'une 
batterie rechargeable poids léger Venner, 
en zinc argenté, de méme que d'un cir- 
cuit de charge approprié. Ce circuit de 
charge autonome se caractérise par le 
fait que la charge cesse aussit6t que la 
batterie atteint son état de pleine charge. 

EE 26 758 pour plus amples renseignements 


ENREGISTREUR POTENTIOMETRIQUE 
MINIATURE 
(illustration a la page 653) 

Cet appareil a été réalisé afin de 
répondre a la demande industrielle d'un 
enregistreur de précision, occupant un 
minimum d’espace de panneau tout en 
offrant les mémes avantages et le méme 
degré de précision que les instruments 
de type plus classique. 

L’instrument complet n’exige qu'un 
espace de tableau de 19,80cm x 13,75 
cm et sa profondeur n'est que de 46,25 
cm. Les éléments électroniques qu'il 
englobe comprennent: un élément 
d’entrée 4 obturateur rupteur mécanique 
a bruit réduit et potentiométre d’équili- 
brage de précision: un amplificateur 
transistorisé & grand gain et compensa- 
tion thermique; un bloc d’alimentation 
et son étage de sortie et, enfin, une 
source de référence de tension Zéner a 
compensation thermique et a grande 
stabilité, rendant inutile l'emploi d'une 
pile étalon. 

La vitesse maxima de déviation de 
la plume est de 7,5 cm/seconde et des 
sensibilités totales, allant de ImV Aa 
100mV, peuvent étre obtenues. Des 
vitesses d’avance de diagramme de 
1,.25cm/h et de 30cm/h peuvent étre 
effectuées. 
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THE GENERAL ELECTRIC CO LTD 
Magnet House, Kingsway, London, W.C.2 


EQUIPEMENT D’ESSAI DE VIBRATION 


(Illustration a la page 653) 


Ce matériel constitue un ensemble 
d’essai de vibration, autonome et complet, 
pouvant étre utilisé par un opérateur 
semi-qualifié. Il effectue la plupart des 
essais de vibration exigés par bon nombre 
de spécifications gouvernementales. Nul 
montage n’est nécessaire pour son utilisa- 
tion quotidienne normale et il peut étre 
réglé pour effectuer des essais a répéti- 
tion sans surveillance pendant des 
périodes allant de 0,1h a 1000h. 

L’équipement comprend un amplifica- 
teur de puissance et une alimentation 
en courant continu entrainant un vibreur, 
tel que le vibreur G.E.C. VEM 5 MK 2, 
un oscillateur, un pont a bande mag- 
nétique et un amplificateur asservi pour 
la commande constante d’accélération. 
Tous ces éléments sont logés dans un 
pupitre contenant également les circuits 
de contréle, de sécurité et de protection, 
ainsi que les circuits de minutage. Seuls 
le vibreur, les ventilateurs de refroidisse- 
ment et le bloc a cathode asservie 
accélérométrique ne sont pas contenus 
dans le pupitre. 


La sortie de puissance acoustique est 
de l’ordre de 2,5 kW avec une distorsion 
totale de moins de 2% dans la gamme de 
fréquences de 30 Hz a 10 kHz. L’ampli- 
ficateur fournit une tension totale pouvant 
atteindre 3 kW en impédances de 10,15 
ou de 20 ohms, avant la mise en oeuvre 
de son circuit de protection. La puissance 
d’entrée peut venir d’ume source ex- 
térieure, de l’oscillateur incorporé ou du 
pont a bande dans la console. 

Pour alimenter la bobine de champ 
d'un vibreur de type électromagnétique, 
un bloc d’alimentation en courant continu 
fournit 230 V a 2 A avec un niveau 
d’ondulation ne dépassant pas 5%. 

L’oscillateur intérieur couvre la gamme 
de 30 Hz a 10 kHz. La fréquence de 
sortie est indiquée, a un degré de précision 
de +5% sur un enregistreur étalonné 
logarithmiquement a échelle de 25,4 cm 
graduée en 240°. L’oscillateur donne non 
seulement une sortie de fréquence fixe, 
mais il peut aussi étre balayé en fréquence 
logarithmiquement, en fonction de la 
durée. Les limites de ce balayage peuvent 
étre choisies de la gamme complete 
doscillation, la vitesse de balayage 
pouvant étre soumise 4 une variation 
continue de 4 4 140 sec./octave. 

Un magnétophone a double piste 
SIMON SP4 a inversion de marche auto- 
matique est fixé dans un tiroir du 
pupitre. Il peut effectuer un enregistre- 
ment sur bande de n’importe quel essai 
voulu, dans la gamme de fréquences 
couverte par l'amplificateur. Cet enregis- 
trement pourra ensuite étre reproduit de 
facon continue, avec des interruptions de 
moins de 5 sec. pour linversion de la 
bande. 

L’accélération constante est réalisée a 
l'aide d'un élément de commande du 
niveau-g, qui peut recevoir des informa- 
tions de n’importe lequel des trois 
accélérométres. La constance de Il'accélé- 
ration peut étre maintenue & +1 dB 
prés. Le niveau est indiqué sur un comp- 
teur étalonné logarithmiquement de 2 g 
a 100 g. 

Afin de simplifier la mise en service 
quotidienne de I'équipement, toutes les 
commandes d’usage courant ont été 
placées sur le panneau frontal. Aprés un 
réglage initial pour une opération connue, 
le fonctionnement n’aura plus qu’a se 
faire par simple commutation d’arrét- 
marche. Tous les circuits de chauffage 
et de protection sont entitrement auto- 
matiques, de sorte que nulle connaissance 
technique n’est nécessaire pour la mise 
en marche de Il’équipement et qu'un 
changement d’opération peut se faire 
normalement en actionnant les boutons- 
poussoirs sur le panneau frontal. 
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RECEPTEUR DE COMMUNICATIONS 


Le récepteur superhétérodyne a i4 
lampes BRT 400D a une gamme de 
fréquences de 150 a 385 kHz et de 0,51 
a 30 MHz, s’étendant sur six bandes. 
La sensibilité, le rapport signal/bruit, la 
stabilité de fréquence, etc, sont re- 
marquables. En outre, une sélectivité 
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variable 4 six échelons et un filtre a 
cristal extrémement efficace contribuent 
a rendre ce récepteur propre au service 
le plus astreignant dans presque toutes 
les applications. Il permet également la 
réception en diversité, de méme que la 
télégraphie par déplacement de fréquence, 
en liaison avec un appareil terminal 
approprié. 

Le récepteur BRT 400D fonctionne 
habituellement sur alimentation secteur en 
courant alternatif, mais en cas de sinistre 
ou a défaut de courant alternatif, il fonc- 
tionnera également a partir d'une ali- 
mentation en courant continu de 12 V, 
grace au bloc a batterie BRT 401. 

Toutes les piéces constitutives et les 
matériaux employés dans la fabrication 
de la série des récepteurs BRT 400D ont 
été choisis individuellement et mis a 
l'épreuve de conditions tropicales rigour- 
euses, en ce qui a trait A la streté de 
leur comportement. Il se conforment aux 
spécifications militaires britanniques ou 
bien, lorsque ces derniéres sont in- 
appropriées, ils sont soumis a Tessai 
tropical standard K.110. 

Dans le cas des applications ot la 
télégraphie est de peu ou sans importance 
et ol, par contre, comme par exemple 
dans les installations de relais, la récep- 
tion de transmissions par téléphonie de 
haute qualité est l’objectif principal, le 
filtre accepteur & fréquence acoustique de 
1 kHz pourra, sur commande spéciale, 
étre remplacé par un filtre réjecteur de 
9 kHz. 
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PRECISION SYSTEMS 
LTD 


Aylesbury, Buckinghamshire 


GENERAL 


CALCULATEUR DE RECHERCHE AFRONAU- 

rIQUE 
Ce calculateur, congu par la société 

General Precision Systems Ltd., constitue 
un calculateur analogique des_ plus 
adaptables pour résoudre les problémes 
de dynamique dans le domaine aéronau- 
tique. L’appareil de base, qui peut étre 
considérablement accru au besoin, com- 
prend les éléments suivants: 

(a) 30 amplificateurs (stabilisés par chop- 
per a grand gain). 

(b) 20 réseaux calculateurs 
de sommes. 

(c) 10 réseaux calculateurs de sommes. 

(d) 40 potentiométres de précision A co- 
efficient de 10 tours. 

(e) 3 servo - multiplicateurs/générateurs 
de fonctions, actionnés par moteur 
Vélodyne (a réglage de vitesse). 

(f) 5 servo - multiplicateurs/générateurs 
de fonctions, actionnés par moteur. 

(g) 2 multiplicateurs électroniques. 

(h) 4 générateurs de _ fonctions 
troniques. 

(i) 5 éléments de simulation de secteur 
mort et de limiteur. 

(j) 1 voltmétre numérique avec tableau 
de sélecteurs. 

(k) 1 oscilloscope a double faisceau avec 
tableau de sélecteurs similaire. 


intégrateurs 


élec- 
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(l) 1 générateur de fonctions de pres- 
sion. 

(m) 1 élément de surcharge et de com- 
mande centrale. 

Les amplificateurs employés dans le 
calculateur ont été spécialement étudiés 
pour en faire des éléments a la fois sfrs 
et économiques, pouvant étre employés 
avec deux types de boites de réseaux de 
calcul pour la sommation et lintégration. 
Dans le cas du réseau de sommation 
intégration, le réglage initial d intégra- 
tion se fait par une résistance HELIPOT 
a variation continue de précision a 10 
tours, fixée sur Tlélément. Tous les 
réseaux sont dotés de piéces d'une pré- 
cision de 0,1°. Dans de nombreux cas, 
exactitude du calcul qui en résulte peut 
étre supérieure aux données primaires, 
mais la sdreté des résultats est garantie 
par l'emploi de ces piéces. 

Avec ce calculateur, les coefficients ou 
paramétres d’équations soumis a 
examen sont fixés ou ajustés par des 
potentiométres 10-tours, dont quarante 
sont inclus. Ces potentiométres sont a 
fusibles, pour les protéger contre Il’en- 
dommagement accidentel, et ils peuvent 
étre réglés ou balayés avec grande pré- 
cision par Vl’emploi de la source de 
référence interne et du _  voltmétre 
numérique prévus a cet effet. 

L’appareil est doté de deux types de 
servomultiplicateurs pour répondre a 
une grande variété de problemes. Le type 
actionné par moteur Vélodyne est 
limité dans le nombre des fréquences 
qu'il peut traiter, mais il a lavantage 


de pouvoir étre employé pour lintégra- 
tion, selon la boite d’engrenages utilisée, 
pendant de longues heures. Les cartes 
potentiométriques de cet élément sont 


des bobines de ruban de 10 cm de 
longueur, et leur dessin particulier per- 
met l’échange de cartes simulant diverses 
fonctions. Le type de servomultiplicateur 
actionné par moteur classique et exempt 
de fer, est idéal pour le fonctionnement 
dans le temps réel, puisque la limite 
supérieure de réponse de _ fréquence 
utilisable est de 10 Hz. Dans les deux 
types de servomultiplicateurs, certains 
des jumelages sont munis de prises sur 
les cartes de potentiométre afin de per- 
mettre les temps de repos par résistances 
réglables pour donner des lois mathé- 
matiques. La fonction requise peut étre 
établie par Temploi du _ voltmétre 
numérique. 

Les multiplicateurs électroniques et 
les générateurs de fonctions dont ce 
calculateur est doté en nombre adéquat, 
assurent également la_ solution § de 
problemes ott des fréquences relative- 
ment élevées peuvent étre rencontrées. 
Les multiplicateurs sont du _ genre 
“repére-espace” et ils peuvent étre 
utilisés pour donner jusqu’éa quatre pro- 
duits. Les générateurs de fonctions a 
diodes de polarisation 4 10 segments 
peuvent étre utilisés pour approcher 
nimporte quelle fonction aA valeur 
unique d'une variable de puissance 
dentrée. Quant au voltmétre numérique, 
il sert a établir les valeurs requises des 
points de rupture des 10 segments recti- 
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linéaires représentant la fonction de la 
fagon la plus proche. 


Ces divers éléments sont reliés entre 
eux sur un panneau amovible de pré- 
affichage, au moyen de cordons a con- 
ducteur unique. 
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GOODMANS 
Works, 


INDUSTRIES 
Wembley, 


LTD 


Axiom Middlesex 


OSCILLATEUR DE BALAYAGE AUTOMATIQUE 


L’oscillateur de balayage E.502 repré- 
sente une source précise et commode 
d’oscillations sinusoidales, dont la fré- 
quence varie selon une loi prédéter- 
minée. Le modéle standard est concu 
de maniére a osciller selon les condi- 
tions stipulées dans de nombreuses 
spécifications de contréle d’engins télé- 
guidés, c’est a dire selon la loi suivante: 

df Re 
dt 79 

Il est, cependant, possible d’appliquer 
(sur commande _ spéciale) n‘importe 
quelle loi dont la vitesse de changement 
de fréquence, aux limites extremes d'une 
bande quelconque, ne dépasse pas le 
rapport de 100 a 1. 

Deux gammes de fréquences_ sont 
prévues, soit 5 Hz a 500 Hz et 30 Hz a 
3 kHz. Un oscillateur & pont de Wien 
de haute qualité est utilisé. Il est suivi 
d'un dispositif 4 cathode asservie, don- 
nant ainsi des fréquences trés stables, de 
faibles niveaux de distorsion ainsi qu'un 
degré trés élevé de stabilité d’amplitude. 
A un réglage donné de la commande de 
gain, les variations d’amplitude entre 
les deux gammes ou entre les deux ex- 
trémités de chacune des gammes sont 
inférieures 4 1dB et les niveaux de dis- 
torsion sont inférieurs 4 2%. Le balay- 
age automatique seffectue au moyen 
d'un moteur 4 courant continu, com- 
mandé par un circuit de relais et un em- 
brayage magnétique accouplé au poten- 
tiométre déterminant la fréquence. Des 
disjoncteurs réglables de sécurité pré- 
réglent les positions a inversion de 
marche du moteur. Le balayage peut se 
faire A la main ou par préréglage 
d’unibalayage. L’oscillateur est pourvu 
d'un micro-rupteur pouvant étre ajusté a 
n'importe quelle position dans les limites 
préréglées du cadran. Ce micro-rupteur 
met en oeuvre un relais permettant de 
passer des mesures d’accélération con- 
stante A celles de vitesse constante 
lorsqu’elles sont effectuées 4 l'aide d'un 
amplificateur de commande g. 

Deux sorties sont prévues, l'une a 
travers un atténuateur et une cathode 
asservie, et l'autre 4 un niveau élevé 
pour synchroniser un stroboscope. 

L’appareil est livrable sous forme 
d’élément individuel dans un coffret ou 
sur bati standard pour montage dans une 
baie ou sur pupitre de commande. 


EE 26 763 pour plus amples renseignements 


OCTOBER 1960 





CATHODE ASSERVIE A SEPT VOIES 
(Illustration a@ la page 654) 

La cathode suiveuse a sept voies, 
modéle E506, a été étudiée en vue du 
cablage d’accélérométres au titanate de 
baryum a la principale position de 
mesure d’un systéme de contréle de 
vibrations, au moyen de cables relative- 
ment longs. 

L’impédance d'entrée est de 100 
Mégohms et celle de sortie est de 800 
ohms en série avec un condensateur de 
0,5uF. La réponse de fréquence est de 
5 Hz a 20 kHz +1dB. En ajoutant 9m 
de cable 4 double blindage, la réponse, 
au méme degré d’uniformité, est de 5 Hz 
a 2 kHz. Des longueurs de cable de 
l'ordre de 9m peuvent étre utilisées entre 
l'accélérométre et l’entrée de la cathode 
asservie sans réduire la_ sensibilité 
accélérométrique efficace au-dessous de 
la valeur normalement trouvée dans les 
conditions pratiques. Ceci est réalisé par 
l'emploi d'un cable a double blindage, 
dont le conducteur  intérieur  relie 
V’élément actif de l’accélérométre a la 
grille du tube d’entrée, le blindage in- 
térieur du cable étant relié A la cathode 
du tube d’entrée 4 l'une des extrémités et 
isolé a l'autre. Le blindage extérieur est 
a la masse, a l'une des extrémités et relié, 
a l'autre extrémité, & l’électrode de terre 
de l’'accélérométre. Ceci améne une ré- 
duction de la capacité de cAble efficace 
par un facteur de 30 environ. 

L’appareil est livrable en coffret ou 
pour montage sur bati. 
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HONEYWELL CONTROLS LTD 
Ruislip Road East, Greenford, Middlesex 
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OSCILLOGRAPHE A LECTURE DIRECTE 
(Illustration a la page 655) 


A la suite de la levée des restrictions 
sur Tlimportation des oscillographes des 
Etats-Unis, la société Honeywell Controls 
Ltd s’est mise d’accord avec ses associés 
américains pour la vente au Royaume- 
Uni d'un oscillographe a lecture directe 
de 14 voies portant le nom de Visicorder. 

Les applications connues de cet instru- 
ment comprennent les études météorolo- 
giques et sismologiques, le repérage 
d’engins spatiaux, les recherches se rap- 
portant au débit d’air et 4 la soufflerie 
aérodynamique, etc. 

Le Visicorder ressemble 4 un oscillo- 
graphe ordinaire avec sa source lumi- 
neuse, ses galvanométres 4 miroir, son 
systtme d’optique et son systéme de 
transport de papier, mais aucun procédé 
chimique n’est employé pour obtenir un 
enregistrement permanent. Il n’utilise ni 
encre, ni charge électrostatique, ni arc 
électrique, ni vapeur chimique ou chaleur. 

Grace & l'emploi de papier de 15cm 
de largeur, des fréquences allant jusqu’a 
5 kHz peuvent étre enregistrées sur 12 
voies, avec deux repéres de référence ou 
de minutage. Une commande d'intensité, 
ainsi qu’un systéme de ligne de grille 
et d’identification de trace sont également 
inclus. Enfin, l'appareil se préte a la 
télécommande car il comporte une lampe 
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d’enregistrement a auto-démarrage et un 
bloc d’aliméntation incorporé. 
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McMICHAEL RADIO LTD 

Wexham Road, Slough, Buckinghamshire 
ENREGISTREUR DE RADAR 

(Illustration a& la page 655) 

Il s’agit ici d’un appareil naval de 
type classique, employé pour Tl instruc- 
tion des opérateurs de radar. Il peut 
également étre utilisé pour la concen- 
tration des indications de radar lorsqu’un 
enregistrement permanent est nécessaire. 

L’enregistreur REJ utilise un film de 
35mm sur lequel il enregistre et réen- 
registre les signaux vidéo émanant de 
Yindicateur de gisement (P.P.L.) d'un 
radar panoramique a antenne a rotation 
continue. Il fonctionne sur n’‘importe 
quelle gamme choisie entre 10 et 160 
milles avec des radars ayant une vitesse 
de rotation pouvant aller jusqu’éa 100 
tours/minute. Une ligne repére du nord 
peut aussi étre enregistrée. 

Trois vitesses d’enregistrement et de 
réenregistrement sont prévues et I'élé- 
ment d’entrainement pilote de base peut 
étre adapté soit au type d’émission mag- 
slip, soit au type M, soit a tous deux. 

Un magnétophone est incorporé a 
l'appareil afin de permettre l’enregistre- 
ment de commentaires et leur réenregis- 
trement synchronisé avec le film. 

On peut également commander I’en- 
registreur a partir d'un élément de télé- 
commande 4 part. 
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ELEMENT BINAIRE 
(Illustration a la page 655) 

Cet élément binaire spécial de 
“division par deux” représente une appli- 
cation nouvelle des circuits subminiature 
McMichael. C’est un élément constitutif 
compact de calculateur pour avions 
d'études et de recherches extra-atmo- 
sphériques. Il se compose d’un circuit 
bistable 4 deux transistors, prévu pour 
des entrées, des sorties et le réenregistre- 
ment pour comptage de décades. Concu 
pour une puissance de 5 4 7V, sa con- 
sommation de courant est de 4mA. Il 
fonctionne a des vitesses allant jusqu’a 
100,000 coups par seconde, a partir 
d'impulsions d’une durée ne dépassant 
pas 2usec. La gamme de témperatures 
va de 0 a 60°C. 

L’élément binaire est d'un volume de 
8cm et son poids est de 3,5 grammes. Il 
comprend deux transistors au_ ger- 
manium, deux diodes au germanium, 
quatre condensateurs en céramique et 
huit résistances. Sa densité constitutive 
est de 221000/28,3 dm’. 
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MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
PONT UNIVERSEL DE PRECISION 
(Illustration a la page 655) 
Le pont universel a impédance 
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TF 1313, est d'une précision de 0,25%. 
Il ne comporte qu'un seul cadran pour 
les mesures d’inductance, de capacité et 
de résistance, mais ce cadran est pourvu 
de réglages approximatifs et précis. Le 
réglage approximatif se fait par plots de 
1%, tandis que le réglage précis com- 
porte 50 divisions par plot. Son instru- 
ment de lecture donne une indication 
claire de la direction du point d’équili- 
brage, méme lorsqu’il est nettement 
déséquilibré, contribuant ainsi a 
l'accélération et a la simplification des 
mesures de composantes complétement 
inconnues. Un générateur extérieur de 
basse-fréquence peut étre branché a 
l'appareil lorsque des mesures d’induc- 
tance et de capacité doivent étre prises a 
des fréquences autres que les fréquences 
intérieures de 1 et de 10 kHz. La sortie 
de puissance du détecteur est fournie 
extérieurement pour permettre l'emploi 
d’un oscilloscope ou d’un casque pour 
les indications d’équilibrage. 

Les gammes couvertes sont: induc- 
tance-de 0,14H a 110H, a 1 et 10 kHz; 
capacité—de 0,1 pF a 110 uF, a 1 et 10 
kHz; résistance—de 0,01 ohms a 110 
Mégohms, au courant continu. 
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APPAREIL DE CONTROLE DE REPONDEURS 
(Hlustration a la page 655) 


L’appareil de contréle type 506 est un 
affaiblisseur & impulsions différentielles, 
réalisé par la société Marconi Instru- 
ments Ltd. en collaboration avec le 
Ministére de l’Aviation, dans le cadre 
de son Programme de Radar de Sur- 
veillance Secondaire Civil. Lorsque cet 
appareil est utilisé avec le générateur de 
signaux UHF Marconi TF 1060, il per- 
met de contréler la partie récepteur d’un 
émetteur-récepteur asservi par impul- 
sions ou “répondeur,” et en particulier 
les caractéristiques de suppression des 
lobes latéraux, telles que normalisées 
par VLCA.O. (Organisation Inter- 
nationale d’Aviation Civile). 

Le contréleur type 506 produit des 
trains d’impulsions vidéo, formés de 
deux ou trois impulsions, & une fré- 
quence de répétition A variation continue 
dans une gamme de 250 a 2000 par 
seconde. On peut faire varier les largeurs 
d'impulsions individuelles de 0,5 a 2,0 
usec, l'espacement pouvant étre effectué 
par commutateur pour donner des in- 
tervalles préréglés, correspondant aux 
Modes Civils A,B,C, et D, ou pour des 
intervalles Aa variation continue jusqu’A 
30 usec. Ces trains d’impulsions modu- 
lent le générateur de signaux UHF, 
réglé 4 la haute fréquence voulue, et le 
signal HF modulé par impulsions qui en 
résulte est injecté & l'appareil de con- 
tréle et conduit & travers l’atténuateur 
différentiel. Ceci permet de faire varier 
l'amplitude relative d'une impulsion 
dans un train a double impulsion, ou 
encore d’une ou de deux impulsions 
dans un train a triple impulsion, par plus 
ou moins de 10dB, par rapport a l'autre 
impulsion. A l'aide du commutateur de 
“fonction,” on choisit les impulsions 
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variables qui peuvent étre soit de com- 
mande soit d'interrogation, selon les 
besoins. 

La signal HF obtenu ainsi a la prise 
de sortie de l'appareil peut étre con- 
trélé si nécessaire, en l'injectant dans le 
détecteur pézoélectrique incorporé dans 
son amplificateur vidéo. Le signal de 
sortie de l'amplificateur peut étre observé 
au moyen d'un oscilloscope approprié, 
tel que le type Marconi TF 1330. Une 
impulsion de déclenchement de I'oscillo- 
scope est fournie 4 la prise “SYNC 
OUT” et elle se produit 5 usec avant la 
premiére impulsion HF. 

Enfin, Vappareil a été concu de 
maniére A ce que le générateur de sig- 
naux puisse étre monté au-dessus, ainsi 
que le montre notre gravure. 
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MARCONDPS WIRELESS TELE- 
GRAPH CO LTD 
Chelmsford, Essex 
MATERIEL DE COMMUNICATION 
HYPER-FREQUENCES 


(Illustration a la page 656) 


Ce materiel comprend un émetteur 
VHF type 6400 et un récepteur VHF 
type 6401. 


Emetteur VHF 

Cet émetteur, qui a une puissance de 
sortie de 25W, fournit 360 voies pilotées 
par quartz (avec espacement de 50 kHz) 
de 118,0 MHz a 135,95 MHz. Il pése 
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6,3 kg et il est logé dans un petit coffret 
format 3/8 ATR. Employé en liaison 
avec le récepteur 6401, il forme avec ce 
dernier un appareil de communication 
VHF de petit format ne pesant en tout 
que 10,4 kg. 

Il répond a toutes les conditions de la 


spécification S20A de VA.R.LNC. 
(organe de centralisation de caractéristi- 
ques d'appareils électroniques), mais 
comprend un nombre de_ dispositifs 
supplémentaires. Parmi ces derniers, il 
convient de citer principalement la com- 
mande de modulation automatique et 
l'écréteur de parole de 12 dB, qui 
assurent la plus grande _intelligibilité 
possible en toutes circonstances. 

Un emploi maximum a été fait des 
transistors, les étages quartz et modula- 
teurs étant enti¢rement transistorisés. 
L’application du quartz sur partiel infra- 
miniature, récemment mis au_ point, 
réduit le nombre d’étages nécessaires et 
augmente la _ protection contre les 
rayonnements parasites. L’émetteur peut 
étre utilisé avec des microphones élec- 
tromagnétiques (comprenant également 
les types éliminateurs de bruit) ou des 
microphones au carbone, de sorte qu'il 
se conforme aux systémes d’intercom- 
munications britannique et américain 
sans modification aucune. 

Le type 6400 a été étudié pour le fonc- 
tionnement simplex sur voie unique ou 
sur double voie, des circuits modulateurs 
étant, en outre, prévus pour des sys- 
témes futurs de transmission automatique 
de données. 
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Récepteur VHF 

Le récepteur type 6401 doit étre 
utilisé avec I’émetteur 6400, ainsi qu’avec 
d’autres appareils, afin de former un 
systtme de guidage d’approche et de 
navigation VHF entiérement transistorisé. 

Il couvre la bande de 108 a 135,95 
MHz et fournit 560 voies dans cette 
bande. II est entitrement transitorisé, ce 
qui permet de le loger dans un petit 
coffret format 1/4 ATR. Il ne pése que 
3,6 kg et sa consommation électrique 
n’est que de 10W. 

Le récepteur 6401 est, effectivement, 
une superhétérodyne multiple avec une 
fréquence intermédiaire finale de 500 
kHz, donnant la caractéristique de sélec- 
tivité principale. Les piéces des circuits 
détecteurs ont été étudiées pour un fonc- 
tionnement satisfaisant dans les trans- 
missions dites “climax” et la parole est 
introduite dans les étages de _ sortie 
basse-fréquence a travers des circuits “Aa 
réglage silencieux” et fonctionnement 
signal/bruit. 
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PYE TELECOMMUNICATIONS LTD 
Newmarket Road, Cambridge 
TELEVISION DIRIGEE PAR RADIO 


Ce systétme de télévision dirigé par 
radio est entitrement transportable et 
indépendant de c4bles. 

Il permet au personnel des tours de 
contréle d’observer des zones qui leur 
sont invisibles, ainsi que toutes les zones 
de rassemblement et pistes de décollage, 
particuli¢rement durant les  périodes 
opérationnelles de visibilité réduite. Il 
permet. en outre, l’observation serrée du 
décollage et de l’atterrissage d’avions aux 
aérodromes d’essais et expérimentaux. 

L’emploi de la télécommande radio 
assure un systéme d’une souplesse con- 
sidérable, la distance entre le point de 
contréle et la caméra étant presque 
illimitée pour la plupart des _ besoins 
pratiques. 

Une démonstration de l'appareil fut 
donnée au stand intérieur de la Sté. Pye 
Telecommunications oii un opérateur, a 
l'aide d’un levier de commande de pro- 
fondeur, dirigeait par radio une caméra 
éloignée sur n’importe quel point voulu 
de l'aérodrome. Le systéme de com- 
mande s’effectue par liaison radioélec- 
trique UHF de 450 MHz, les images 
étant renvoyées A travers une liaision par 
microondes. La caméra de_ télévision 
éloignée est entitrement automatique et 
ne nécessite aucune attention, toutes ses 
fonctions étant commandées au moyen 
de la liaison par microondes. 
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W. H. SANDERS (ELECTRONICS) 
LTD 
Gannels Wood Road, Stevenage, Hertfordshire 
RECEPTEUR D'ETALONNAGE POUR 
MICROONDES 
(Illustration a la page 656) 


Une version améliorée du récepteur 
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d’étalonnage de 45 MHz vient d’étre 
réalisée, qui comporte les perfectionne- 
ments suivants: 
Facteur de bruit: 1,8 4 2,5 dB 
Fréquence intermédiaire: 45 MHz 
Largeur de bande:. +2,5 MHz. 

Le nouveau récepteur comprend un 
appareil de mesure 4 double mouvement, 
permettant de contréler les courants dans 
les détecteurs de premier et de second 
étage. D’autre part, les positions 4 double 
sensibilité de cet appareil de mesure 
donnent une déviation totale de ImA 
ou de 100 HA. 

En outre, un atténuateur a barillet de 
commutation est incorporé au récepteur. 
Il couvre une gamme de 0 a 100 dB, par 
plots de commande approximative de 
20 dB ou par plots de commande précise 
de 1dB, de 0 a 20dB. Le préamplifica- 
teur est un élément 4 part, afin d’en 
faciliter I'entretien et le remplacement 
éventuel des piéces. Il est muni d’une 
prise de contréle de haute tension. Un 
boitier de conception nouvelle renferme 
l'ensemble complet qui est monté sur 
chassis normal. 

Le préamplificateur peut loger n’importe 
laquelle des gammes normales de mélan- 
geurs a cristal entre les dimensions de 
guide d’ondes 10 et 22 (2,60 4 40 kKMHz). 


EE 26772 pour plus amples renseignements 


THE SOLARTRON ELECTRONIC 
GROUP LTD 

45 Thames Street, 

ENREGISTREUR DE DONNEES NUMERIQUES 


Kingston-on-Thames, Surrey 


(Illustration a@ la page 656) 


Cet appareil accepte des  signaux 
analogiques, de polarité positive ow 
négative, d'un nombre de voies allant 
jusqu’A 50, et les convertit en signaux 
analogiques pour actionner un impri- 
meur intégral. La vitesse d’exploration 
est de deux voies par seconde et la 
précision de conversion analogique/ 
numérique est de 0,i%,. Les données de 
sortie de l’imprimeur indiquent lidentité 
des voies, la valeur du signal mesuré et 
la polarité, sur une bande continue de 
papier de 7,5cm de large. 

L’appareil se compose de éléments 
suivants: un commutateur 4 50 voies, un 
convertisseur analogique/numérique et 
son indicateur, et un imprimeur. 

L’élément de commutation est a relais 
scellés avec contacts dorés, afin de leur 
assurer une plus longue durée et d’en 
réduire le bruit. Ses fonctions sont celles 
d'un commutateur bipolaire 4 50 voies., 
reliant, tour a tour, chacune des 50 
entrées au convertisseur. Un interrupteur, 
monté sur cet élément, offre un choix 
de trois modes de fonctionnement, a 
savoir l’échantillonnage automatique con- 
tinu, l’exploration unique par commande 
extérieure ou le choix manuel. L’élément 
de commutation est relié de fagon per- 
manente au convertisseur analogique/ 
numérique, le débit de ce dernier étant 
sous forme décimale codée, appropriée 
au fonctionnement direct de l’imprimeur. 
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TRANSDUCTEURS DE PRESSION 
(Illustration @ la page 657) 


Le transducteur de pression universel, 
type NT 4-313, sert 4 mesurer des pres- 
sions moyennes et élevées. Comportant 
un élément sensible 4 jauge de contrainte 
miniaturisé, ses indications sont des plus 
sires et peuvent étre répétées méme dans 
des conditions extrémes de vibration et 
de température. 


Le diaphragme affleurant du transduc- 
teur permet de monter ce dernier dans 
la paroi d'un bac 4 pression sans en 
modifier le volume et sans déranger le 
flot de la substance de pression. 


Il existe des versions absolument 
identiques au type NT 4-313, mais 
fermées hermétiquement, pour les 
mesures effectuées dans des atmosphéres 
corrosives. Les propriétés de  I’acier 
inoxydable utilisé pour ces versions, 
notamment sa résistance spécifique A la 
corrosion, permettent I'emploi du trans- 
ducteur lorsqu’il est en contact avec des 
liquides tels que l’acide azotique fumant, 
rouge ou blanc, le bioxyde d’hydrogéne 
a 100% ou Vhexafluorure d’uranium. Ces 
jauges sont livrables pour des gammes 
de pression allant de 7,030 a 351,5 
kg/cm?. 

Un modéle spécial de ce transducteur, 
a savoir le type NT 4-317, fonctionne 
continiment a des températures allant 
jusqu’é 600°F, ou méme jusqu’é 2000°F, 
si l'on utilise un raccord de refroidisse- 
ment. 
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SOUTHERN INSTRUMENTS LTD 
Frimley Road, Camberley, 
MULTIMETRE A MEMOIRE 


Surrey 


(Illustration a la page 657) 


Le multimétre 4 mémoire électronique 
universel E.R.L.C. offre la _ possibilité 
deffectuer une gamme étendue de 
mesures, grace 4 son utilisation d’un cir- 
cuit “ TRIPOLE.” Le “ TRIPOLE” est 
un amplificateur c.c. équilibré a trois 
bornes, les caractéristiques de n’importe 
quelle paire de bornes étant fort 
différentes de celles d'une quelconque 
autre paire. Une de ces paires de bornes, 
désignées par 1-2, a une impédance 
dentrée virtuellement infinie. La seconde 
paire, 1-3, a une trés faible impédance 
d’entrée tandis que la paire 2-3 mani- 
feste une trés faible impédance de sortie. 

Cette dernitre propriété sert 4 action- 
ner un appareil de mesure a faible im- 
pédance et les bornes 2-3 sont utilisées 
a cette fin. 


L’impédance élevée a travers les 
bornes 1-2 donne au multimétre E.R.LC. 
la plupart de ses particularités intéres- 
santes. La valeur est tellement élevée 
qu’un condensateur chargé a grande 
isolation peut étre relié 4 travers ces 
bornes sans qu'il se produise de perte 
appréciable de charge pendant des 
périodes de plusieurs heures. Ce conden- 
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sateur, relié au sein de l'instrument, lui 
donne l’avantage d’une mémoire. En 
raison du gain de tension unité entre 
ces bornes et celles de sortie, le multi- 
métre gardera la lecture de la tension 
d’entrée tant que le condensateur garde 
sa charge. Un bouton “d’effacement” 
permet d’écarter cette charge a volonté. 


Le multimétre E.R.L.C. permet aussi 
de mesurer une gamme étendue de 
valeurs de résistance, jusqu’a plusieurs 
centaines de mégohms. 
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STANDARD TELEPHONES AND 
CABLES LTD 
Connaught House, Aldwych, London, W.C.2 
INDICATEUR DE TRIANGULATION RADIO- 
GONIOMETRIQUE AUTOMATIQUE 


Ce nouvel indicateur de triangulation 
constitue, en liaison avec les réseaux de 
stations radiogoniométriques automati- 
ques terrestres dites A grande ouverture, 
un radiogoniométre d’aérodrome précis 
et pratique pour le contréle du trafic 
aérien. Sa fonction principale est d’identi- 
fier et de localiser les avions pénétrant 
ou survolant des espaces aériens con- 
trélés, en n’employant que des signaux 
émis par l’'avion pour communiquer de 
maniére ordinaire avec le centre de con- 
trdle. Quoique particulitrement destiné 
a étre utilisé avec le systtme CADF 
(radiogoniométrie par commutation suc- 
cessive sur une série d’antennes) A grande 
ouverture de la Standard Telephones and 
Cables Ltd, cet indicateur peut étre 
adapté facilement a d’autres radiogonio- 
métres. 

L’indicateur du nouveau systéme 
PVT-2 utilise la télévision en circuit 
fermé et représente une nouvelle étape 
de perfectionnement du systéme actuel 
de triangulation PVT-1I. Ce dernier est 
constitué par un radiogoniométre d’aéro- 
drome employé depuis de longues années 
en Grande-Bretagne et dans d'autres 
pays d'Europe. 

L’indicateur qu'on a pu voir Aa Farn- 
borough recevait des signaux “artificiels” 
d'un simulateur ou des signaux “en 
direct” de deux  radiogoniométres 
accordés a l'une des fréquences du con- 
tréle du trafic aérien civil. L’un des 
signaux en direct fut émis d'un appareil 
CADF a Bovingdon et I’autre d'un 
appareil CADF exposé par Airtech Ltd. 
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ULTRA ELECTRONICS LTD 
Western Avenue, Acton, London, W.3 
SYSTEME DR CONTROLE DE COMMUNNICA- 

TIONS 
Cet appareil représente un systtme de 
sélection par boutons-poussoirs, consti- 
tuant un nouveau progrés dans la minia- 
turisation de ce genre de matériel. 
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Le poste de base (type UA.6010) com- 
porte 15 boutons-poussoirs pour la sélec- 
tion des communications (émetteurs et 
récepteurs), les intercommunications et 
les télécommunications par cabine. Ses 
dimensions ne sont, cependant, que de 
14,7 cm x 7,6 cm et il ne pése que 
1,4 Kg. 

Le poste de base UA.60 est un systéme 
décentralisé a amplificateurs locaux dans 
chacun des postes. Une boite de jonction 
centrale supplémentaire assure un syst¢me 
complet de contréle de communications. 


L’assortiment d’accessoires comprend 
tous les éléments nécessaires, tels que 
boites de jonction, amplificateurs pour le 
personnel non-navigant, boites de jacks 
pour le personnel non-navigant et postes 
pour steward. 


Les principales  caractéristiques de 
l’'UA.60, en dehors de son encombrement 
et de son poids réduits, rendus possibles 
par l’application des méthodes modernes 
a transistors et circuits imprimés, sont la 
sélection par boutons poussoirs de 15, 25 
ou 35 services, la commande d’intensité 
incorporée aux boutons-poussoirs pour 
toutes les voies de réception et, enfin, un 
panneau a éclairage sur les bords. 

Ce systtme est conforme aux normes 
d’installation américaines actuelles et 
convient également au matériel de radio 
britannique ou américain. Il peut étre 
construit pour s’adapter aux spécifications 
de tout syst@me. 
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VACTRIC (Control Equipment) LTD 
Vactric House, Sloane Street, London 8.W.1 
ORGANES D’ASSERVISSEMENT 


(Illustration a la page 657) 


Trois nouveaux éléments figuraient 
dans la gamme étendue d’organes asservis 
de précision 4 carcasse de format inter- 
national, 4 savoir: une génératrice tachy- 
métrique & moteur c.a. format 15, un 
moteur c.c. a répulsion 4a enroulement 
auxiliaire format 15, et un moteur c.a. 
format 08. 


Le moteur de tension alternative for- 
mat 15 de la tachy-génératrice est A deux 
phases, 400 Hz, et sa puissance de sortie 
tachy-génératrice est de 3.0 V/1000 tours/ 
minute, avec une linéarité de +0,5%. 


Le couple de décrochage du moteur 
a répulsion & enroulement auxiliaire est 
de 160cm A Il excitation maximum. La 
résistance série extérieure maximum est 
de 18 ohms et le courant d’induit maxi- 
mum est de 1A. L’inertie d’induit est 
de 13 g.cm’, le courant de champ est de 
40-0-40 mA et la résistance de champ 
est de 800 ohms par bobinage. 

Le moteur c.a. format 08 est a deux 
phases et 400 Hz, et son couple décro- 
chage minimum est de 219g.cm. Sa 
vitesse & vide est de 6200 tours/minute 
et il pése 48 g. 
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Résumés des Principaux Articles 


Un convertisseur analogique/numérique 4 usage spécial par G. C. Henderson 


Le convertisseur analogique/numérique décrit ici a été réalisé pour étre utilisé dans un systéme de 
traitement des données pour l’analyse d’enregistrements télémétriques a transmission successive de 
Résumé de l'article signaux. A partir d’entrées comportant une tension non-linéaire analogue au paramétre mesuré, 
aux pages 6024 608 © msi que d’un nombre de tensions d étalonnage et d’un train d’impulsions de fixation, le convertisseur 

obtient une sortie numérique binaire et une sortie analogue, toutes deux en rapport linéaire avec la 
valeur, dans les élément requis, du paramétre, avec correction automatique du gain global et des 
dérives de niveau. 


Commutation statique par G. H. Ohlsen 
Les usages et les avantages de la commutation statique, dérivant des méthodes de calcul numérique, 


Résumé de l’article sont examinés par l’auteur. Il compare ensuite les techniques existantes et décrit un systéme complet 
aux pages 409.4613 _— utilisant des dispositifs ‘NI’ comme élément logique, ainsi que l’analyse et la solution d’un probléme 
simple. 


L’Analyseur différentiel et sa réalisation sous forme numérique par P. L. Owen, M. F. Partridge et T. R. H. Sizer 

Cet article décrit l'analyseur différentiel, tant sous sa forme mécanique originale que sous sa 
forme numérique ultérieure. En gros, les calculateurs correspondant a cette désignation générique 

, traitent des données continiiment variables, comme dans la solution des équations différentielles. 

Résumé de I’article ager RS ae oare : ° - > Spine 
L’intérét suscité par cet analyseur différentiel s’est récemment accru du fait de l'application des 

aux pages 614 4d 616 jf : + atten “ are . sue 
techniques numériques, ayant eu pour résultat la réalisation de l’analyseur différentiel numérique 
(abrégé en A.D.N.). Ce type de machine est d’une grande souplesse de fonctionnement et d’une 
précision inhérente au systéme numérique. 


Une fermeture automatique codée par J. D. Storer 
"eel L’auteur décrit une fermeture a combinaison simple qui est actionnée par boutons-poussoirs portant 
Résumé de I'article ° . i A sit 
les lettres de l’alphabet, soit quatre lettres devant étre choisies dans l’ordre correct. Le circuit 
aux pages 6/7 d 619 “ag P 
comporte des unisélecteurs et des relais. 


Un circuit de déclenchement cascode utilisant un transistor PNP et un transistor NPN. par P. Arnoldt 
Un circuit de déclenchement monostable utilisant un transistor NPN dans un dispositif cascode 
est décrit dans cet atricle. Ce circuit, lorsqu’il est précédé d’un intégrateur a diode, forme un étage 
diviseur de fréquences. On obtient ainsi des conditions optima pour assurer une parfaite sécurité 
d de fonctionnement avec les variations de température. Des valeurs pratiques sont indiquées pour 
Résumé de l'article ye sécurité d’étage, divisant par 10 dans une gamme de températures de 50° a 50°C., avec des 
aux pages 6204623 jimpulsions d’entrée de 100kHz. L’impulsion de sortie d’un tel étage permet de mettre en oeuvre la 
puissance d’entrée d’un étage suivant. 
Le circuit de déclenchement peut aussi étre utilisé pour produire des formes d’ondes en dents de 
scie ou pour faire fonction de modulateur de temps. 


L’atilisation de la résistance au silicium pour la stabilisation de tension continue des circuits 4 transistors. 
par D. H. Mehrtens et J. T. Zakrewski 
Les auteurs présentent une nouvelle méthode pour stabiliser le point de fonctionnement en continu 
Résumé de l'article des transistors a I’aide de résistances au silicium, et donnent un exposé de son application tant pour 
aux pages 624.4629 les transistors de puissance que pour ceux @ signaux faibles. Ils démontrent la possibilité d’obtenir, 
grace a cette méthode, un courant au collecteur constant sur toute la gamme de températures de 
fonctionnement des transistors dans la plupart des cas. 


“ISABEL” Binaires d’accumulation a isostatut utilisant une logique extraordinaire. par J. A. Goss 
Résumé de |'article Un dispositif logique perfectionné de compteur décimal, basé sur des éléments bistables, est étudié 
aux pages 630 4 634 ~=— par l’auteur qui décrit également le comportement de divers circuits utilisant cette méthode. 


Une méthode automatique perfectionnée pour mesurer I’absorption ionosphérique. par L. Thomas 
L’absorption ionosphérique a été mesurée a University College, Swansea, par une méthode auto- 


matique pendant |’ Année Géophysique Internationale. L’appareil décrit dans cet article constitue 
un perfectionnement d’un modeéle précédent, enregistrant l’amplitude d°écho moyenne pendant un 
Résumé de l'article —_intervalle de temps d’une minute environ. Le systéme entier est synchronisé a des tensions de 
aux pages 6354639 déclenchement d’une impulsion par seconde, assurant ainsi une compensation améliorée pour des 
signaux de bruit de fond et un minimum de brouillages d’autres services. L’auteur décrit le fonc- 
tionnement général de l'appareil et compare les mesures automatiques a celles effectuées par la 

méthode manuelle courante. 
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Beschreibung einiger auf der Luftfahrtschau des Vereins Britischer Flugzeugkonstrukteure 
(SBAC) gezeigten elektronischen Geriite, die nach Angaben der Hersteller zusammengestellt 
(Ubersetzung der Seiten 65! bis 657) 


BELLING AND LEE LTD 

Great Cambridge Road, Enfield, Middlesex 

MEHRFACH-STECK VORRICHTUNGEN 
(A bbildung Seite 651) 

In den Steckern und _ Buchsen 
Baumuster “Camlock” und “Autolock” 
wurde eine Konstruktion geschaffen, in 
der jeder Steckerpol mit der entsprechen- 
den Buchse einzeln verriegelt ist. Dadurch 
ergibt sich zwangslaiufig guter Kontakt 
aller Pole und hohe Betriebssicherheit, 
wo sie Stéssen und Erschiitterungen aus- 
gesetzt sind. 

Die Abbildung illustriert das Arbeits- 
prinzip. Normalerweise passt der Stecker- 
pol gleitend in die Buchse, die axial 
durch zwei oder mehr Schlitze unterteilt 
ist. Durch Einwirkung einer Druckkraft 
auf den Buchsenmund in Pfeilrichtung 
werden die Innenwadnde gegen den 
wulstférmigen Stecker gedriickt, und mit 
ansteigendem Druck nehmen die Buchsen- 
winde eine kurvenférmige Gestalt mit 
einem rollenden Drehpunkt an. Der 
Buchsenmund beriihrt den Steckerhals 
iiterhaupt nicht, und der endgiiltige 
Kontakt liegt zwischen den Ebenen AA 
und BB, wodurch die einzelnen Toleran- 
zen nicht kritisch sind. 


Zwei verschiedene Baumuster dieses 
Konstruktionsprinzips werden als “Cam- 
lock” und “Autolock” bezeichnet. Bei 
ersterem sind die Kontakte leistenférmig 
angeordnet, und die Verriegelung erfolgt 
mittels einer Stange mit schliisselloch- 
artigen Schlitzen, die um den Mund 
jeder einzelnen Buchse liegen. Diese 
Stange wird durch einen exzentrischen 
Schaft mittels eines in der freien Stecker- 
leiste eingebauten Drehelementes langs- 
weise gegen die Buchsen verschoben. Im 
Baumuster “Camlock” ist eine einfache 
Vorrichtung vorgesehen, die Einstellung 
von 36 verschieden gepolten, unverwech- 
selbaren und eindeutig numerierten Ein- 
griffstellungen erméglicht. 

In der “Autolock” Baureihe findet die 
Verriegelung automatisch im _ letzten 
Stadium des Einschiebens statt. In diesem 
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wurde. 


Fall ist die Aussenseite des Buchsen- 
mundes glockenférmig gestaltet und wird 
durch axiale Bewegung einer zylin- 
drischen Hiilse zusammengedriickt. In 
Mehrfachsteckern wird statt der ein- 
zelnen Hiilsen fiir jeden Pol eine einzige 
Verriegelungsplatte mit einem Loch fiir 
jeden Pol benutzt. Die Polanordnung 
kann nach jedem gewiinschten Muster 
erfolgen, und in einer ausgestellten Kon- 
struktion wird ein rundes Gehiduse 
benutzt; in diesem Falle werden Pole 
und Buchsen durch eine Winkel- 
drehbewegung des Steckergehduses zum 
Eingriff gebracht und verriegelt. Diese 
“Autolock” Steckerverbindung ist voll- 
standig dicht, und der Benutzer kann jede 
von sechs vorhandenen Kontaktan- 
ordnungen wihlen. 


EE 26751 fiir weitere Einzelheiten 


G. BROWN LTD 

Shakespe..: Street, Watford, Hertfordshire 
SERVOVERSTsARKER 

Dieser 6,5 W-Verstirker ist mit npn- 
Siliziumtransistoren bestiickt und kann 
diese Nennleistung bei Umgebungstem- 
peraturen bis zu +90°C ohne zusitz- 
liche Warmeabfuhr abgeben. Das Gerat 
wurde hauptsidchlich fiir Betrieb mit dem 
Servomotor Type 15B entwickelt. Durch 
den Verstirker steht bei einem Quellen- 
widerstand von nicht weniger als 2502 
eine Gesamtleistungsverstarkung von 





INTERKAMA 
Wihrend des vom 19.-26.Oktober 
in Diisseldorf stattfindenden 
Internatioaalen Kongresses mit 
Ausstellung fiir Messkunde und 
Automatik finden Sie 
ELECTRONIC ENGINEERING in 
Halle F Stand 6002. 
Besucher sind herzlich willkommen. 











72dB zur Verfiigung. Der fiir eine 
Tragerfrequenz von 400Hz ausgelegte 
Verstiarker wird in einem abgedichteten 
Gehduse von nur 82,5 x 31,75 x 50,8 mm 
Abmessungen geliefert. 


Der Transistor-Netzanschluss ist fiir 
115 V, 400 Hz und kann Gleichstrom bis 
zu 30 W abgeben. 


EE 26 752 fiir weitere Einzelheiten 


STIMMGABELGENERATOR UND 
FREQUENZTEILER 


Die Stimmgabel ist eine in sich 
geschlossene Tonquelle, die aus Nickel- 
eisen mit geringem Temperaturkoeffi- 
zienten konstruiert ist und ein einzigar- 
tiges elektromagnetisches Antriebssystem 
besitzt. Die Nennfrequenz ist 2kHz und 
die Toleranz bei 20°C besser als 0,005 %. 
Gegen Sonderauftrag kénnen andere 
Frequenzen im Bereich 2...2,4kHz 
geliefert werden. 


Der transistorisierte Oszillator ist mit 
einem Si-Transistor bestiickt und arbeitet 
zufriedenstellend mit Trockenbatterien, 
die fiir Hérhilfen benutzt werden. Er ist 
iiber den Temperaturbereich —40°C... 
+70°C voll betriebsfahig. Die Abmes- 
sungen des Gehiuses_ einschliesslich 
Stimmgabel sind 63,5 x 63,5 x 76,2 mm. 

Der Frequenzteiler gibt ein Abbauver- 
haltnis von 5:1 und ist in erster Linie 
fir Verwendung mit der S. G. Brown 
2 kHz-Stimmgabel bestimmt, mit der 
zusammen er eine sehr genaue 400 Hz 
Bezugsfrequenz abgibt. Die Gehiuseab- 
messungen des Teilers sind 70x 95,25x 
89 mm. 


EE 26753 fiir weitere Einzelheiten 


BRYANS AEROQUIPMENT LTD 
1 and 15 Willow Lane, Mitcham, Sarrey 
KOORDINATEN-AUSWERTTISCH 
(A bbildung Seite 651) 
Dies ist ein in sich geschlossenes und 
kompakt konstruiertes Gerat fiir Werk- 
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bank oder Schreibtisch, X- und Y- 
Signale werden als Gleichspannungen 
aufgenommen und in die entsprechenden 
Stylusstellungen umgesetzt, wodurch ein 
Diagramm der X und Y Beziehungen 
gezeichnet wird, das den Anderungen 
dieser Signale entspricht. Ein Zeitablenk- 
geraét ist eingebaut, das erméglicht, Y- 
Signale als Funktion der Zeit auf der 
X-Achse auszuwerten. 

Die Aufzeichnung wird durch einen 
Plexiglasdeckel staubfrei gehalten. Durch 
ein poréses Bett saugt ein Geblase das 
Papier an, um es festzulegen. Zum 
genauen Ausrichten des Papiers sind 
Raster vorgesehen. 

Der Stylus ist in Kapillarausfiihrung 
mit grossem Farbbehilter und wird durch 
Betatigung eines Schalters auf der Front- 
platte in die Schreibstellung gebracht. 

Die maximale Blattgriésse ist 43 x 
28cm mit einer Diagrammfliche von 
38 x 254.cm. 

Steuerung des Stylus in beiden Achsen 
erfolgt durch Hochleistungs-Servosysteme, 
die sowohl schnelles dynamisches An- 
sprechen als auch genaue Positionsein- 
stellung gewahrleisten. Die Stylusstellung 
wird durch Prazisionsschleifdrahte ge- 
messen, die iiber die Lange und Breite 
des Gerates laufen. Die Servo- und 
Hilfsschaltungen wurden besonders sorg- 
faltig fiir geringe Drift ausgelegt, um 
gute Langzeitstabilitét zu erreichen. 

Die Bedienungselemente des Gerites 
sind auf einer schraggestellten Front- 
platte angeordnet: links fiir die Y-Achse, 
in der Mitte fiir X-Achse, Zeitablenkung 
und ,,Schreibschalter“ und rechts der 
Hauptschalter mit Signallampe. 

Der mit ,,Y-Verstellung“ bezeichnete 
Knopf verschiebt den Stylus entlang der 
Y-Achse, wobei mit zehn Umdrehungen 
des Knopfes die ganze Y-Achsenlinge 
iiberstrichen wird. So kann der Stylus 
genau auf jeden gewiinschten Punkt der 
Y-Achse eingestellt werden. 


Die beiden anderen Y-Achsen-Knépfe 
sind fiir Grob- und Feineinstellung der 
Empfindlichkeit. Mittels dieser Bedie- 
nungselemente kann die Empfindlichkeit 
des Y-Achsen-Servos auf jeden Wert 
zwischen 0,028 ...2,8 V/cm Stylusbewe- 
gung eingeregelt werden. 

Die Bedienungselemente fiir Stylus- 
verschiebung und Empfindlichkeit der 
X-Achse entsprechen denen der Y-Achse. 
Durch Zusammenwirken der X und Y 
Regler kann daher iiberall auf der 
Schreibflache ein Bezugspunkt fiir Null- 
signal eingestellt werden. 

Die Zeitablenkung hat einen Ge- 
schwindigkeitsbereich von 100:1, was fiir 
motorgetriebene Systeme sehr gross ist 
und bei niedrigeren Geschwindigkeiten 
minimale Sprunghaftigkeit hervorrufen 
kann, wenn der Motor sehr langsam von 
einer Lamelle auf die andere iibergeht. 
In den meisten Fallen verursacht das 
jedoch keinerlei Unannehmlichkeiten. 

Die Zeitablenkung wird durch den mit 
» Trigger“ bezeichneten Druckknopf auf 
der Frontplatte ausgelést, kann aber 
auch mittels einer zum _ Signalstecker 
herausgefiihrten Schaltung durch Fremd- 
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signal betitigt werden, wo das wiin- 
schenswert ist. Die Zeitablenkung hat 
automatische Riickfithrung mit Stylus- 
anhebung, um verwirrende Riicklauf- 
spuren auf dem Papier zu vermeiden. 
Ist der Schreibschalter in der Stellung 
fiir Stylusanhebung, so wird der Stylus 
wahrend des Zeitablenkungslaufes nicht 
auf das Papier heruntergebracht, und 
somit kann die Ablenkung ohne Schrei- 
ben eingeregelt werden. 

Die Schreibgeschwindigkeit geht bis zu 
50 cm/s, und die Zeitablenkgeschwindig- 
keit ist von 0,254 ... 25,4 cm/s einregelbar. 


EE 26 754 fiir weitere Einzelheiten 


COSSOR RADAR AND 
ELECTRONICS LTD 
The Pinnacles, Harlow, Essex 
BORD-TRANSPONDER 
(Abbildung Seite 652) 

Eine Eigenschaft des sekundaren 
Radar-Transponders Type 1251 ist die 
Unterdriickung der Seitenlappen. 

Trotzdem die Seitenlappen des Abfra- 
gesenders viel kleinere Amplituden 
haben als die stark gebiindelte Haupt- 
keule, strahlen sie ausreichend starke 
Signale ab, um Antwortgerate zu triggern, 
die nicht fiir Unterscheidung der Seiten- 
lappenstrahlung ausgeriistet sind. In 
diesem Fall wiirden sich die Antworten 
vom Flugzeug tiber ein weites Gebiet 
erstrecken, so dass _ Peilinformation 
verloren geht und unerwiinschte Erschei- 
nungen wie z.B. Stérung anderer Boden- 
stationen und “Fangen” der Transponder 
durch Oftsstationen auftreten und 
Unempfindlichkeit gegen Abfragen durch 
diese entfernten Stationen hervorgerufen 
wird. 

Seitenlappenunterdriickung wird durch 
Erginzung der _ Richtungsausstrahlung 
des Abfragegerites mit einer Kontroll- 
Rundstrahlung erreicht. Die im Trans- 
ponder SSR 1251 verwendeten Schal- 
tungen gewahrleisten, dass nur die 
Abfragen beantwortet werden, in denen 
die Amplituden der Abfrage und 
Kontrollimpulse in einem bestimmten 
Verhiltnis stehen, was nur in der Rich- 
tung der Hauptkeule méglich ist. Das 
z.Z, von I.C.A.O. vorgeschriebene System 
mit Seitenlappenunterdriickung ist das 
“Zwei-Impuls”-System. Ein alternatives 
“Drei-Impuls”-System wird neuerdings 
erértert und vielleicht auch zugelassen 
werden. Die Cossor-Bodenanlage ist fiir 
jedes der beiden Systeme lieferbar, und 
die z.Z. fiir das “Zwei-Impuls”-System 
gelieferte Bordstation kann fiir das “Drei- 
Impuls”-System umgedndert werden. 

Der Bord-Transponder ist fiir Betrieb 
ohne Druckkabine bis zu 6100 m und 
fiir Antwort auf Abfragesignale geeignet, 
die aus Paaren von 0,8 4s Impulsen mit 
entweder 8 ws (Verfahren A) oder 17 us 
(Verfahren B) Abstand bestehen. Fir 
spateres zusatzliches Arbeiten mit 21 und 
25 us Abstand (Verfahren C und D) ist 
Vorsorge getroffen. 


EE 26755 fiir weitere Einzelheiten 
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EKCO ELECTRONICS LTD 
Southend-on-Sea, Essex 
BORDWETTERRADAR 
(Abbildung Seite 652) 

Das 3cm-Wetterradargerit EKCO 
E 190 wiegt nur 26 kg und hat eine Reich- 
weite von 240 km. Diese transistorisierte 
Anlage besteht nur aus drei Bausteinen 
und hat alle Eigenschaften, die von einem 
modernen Wetterradarsystem erwartet 
werden, einschliesslich sehr heller Sicht- 
anzeige und vollstabilisierter 61 cm 
Antenne. Es gibt die genaue Entfernung 
und Azimutangaben fiir Kumulo- 
nimbuswolken und hat eine Vorrichtung 
fiir Kartierung. Ein Dopplerabtrift- 
gerat kann gegen Sonderpreis mitgeliefert 
werden. 

Die Type E190 wurde auch als 
doppeltes Funkgerit und Sichtanzeige- 
system ausgestellt. Dieses Gerat ent- 
spricht der gingigen Praxis, alle 
notwendigen Dienste, soweit sie vorge- 
schrieben sind, in doppelter Ausfiihrung 
einzubauen. Mit diesem System werden 
alle Sicherheitsbedingungen erfiillt, da 
jedes einzelne der Funkgerate mit jedem 
der Sichtgerite arbeiten kann. Das Pflicht- 
blatt ist dem des Ekco-Standardgerates 
ahnlich, jedoch ist die Stromaufnahme 
etwas héher. Die Abbildung zeigt die 
Abtasteinheit des E190 im Bug eines 
Vickers Vanguard Verkehrsflugzeuges. 
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FERRANTI LTD 

Hollinwood, Lancashire 
VERSCHIEBUNGSGEBER 

(Abbildung Seite 652) 

Dieser Geber ist ein empfindliches 
Messgerat fiir Winkelverschiebung. Eine 
in der Mitte liegende Primarspule wird 
durch 20V 2400Hz erregt. Dadurch 
entsteht eine induktive Kopplung 
zwischen der Primarspule und zwei 
adusseren Sekundarspulen. Der Schaft, 
dessen Verschiebung gemessen werden 
soll, wird mit einer Kupferkurzschluss- 
windung verbunden, die in einem Luft- 
spalt des Kernsteges beweglich ist. 

Wenn sich die Kurzschlusswindung in 
der Mittellage befindet, ist die Fluss- 
verkettung zwischen der primaren und 
den sekundiren Spulen symmetrisch, und 
die Sekundirspulen geben keine Span- 
nung ab. Die Symmetrie der Kopplung 
wird durch Verschiebung der Kurz- 
schlusswindung von der Mittellage gestért, 
und an den Sekundarspulen erscheint eine 
der Verschiebung proportionale Span- 
nung. Zum Schutz ist ein Metallgehaduse 
vorgesehen. 


EE 26 757 fiir weitere Einzelheiten 


FIRTH CLEVELAND 
INSTRUMENTS LTD 
Treforest, Pontypridd, Glamorgan 
TRAGBARER FREQUENZMESSER (TACHO- 
METER) 
(Abbildung Seite 653) 
Der sehr leichte Frequenzmesser FM 
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1015 ist fiir Messungen von Signalen im 
Bereich von 10 Hz...200 kHz ausgelegt, 
deren Amplitude sowie Wellenform sehr 
schwanken. Das Geradt kann von einge- 
bauten Batterien oder dem Netz betrieben 
werden und hat iiber den angegebenen 
Frequenzbereich fiir Eingangssignale mit 
Amplituden zwischen 0,075 und 10 Very 
eine Anzeigegenauigkeit von +24% des 
Vollausschlags. Das Geraét kann ausser 
fiir direkte Frequenzmessungen auch fiir 
Tachometrie benutzt werden. In diesem 
Fall kann das erforderliche Signal durch 
eine magnetische Abtastspule und ein mit 
dem laufenden Schaft gekuppeltes eisernes 
Zahnrad erzeugt werden. Andererseits 
kann der laufende Schaft auch mit einem 
Kontaktunterbrecher gekuppelt werden, 
der entweder mechanisch arbeitet oder 
eine Fotozelle und Lichtquelle benutzt. 
Fiir die letztere Ausfiihrung hat der 
Frequenzmesser eine getrennte Buchse 
zum Betreiben eines Fototransistorkopfes 
und einer Lichtquelle. 


Das Signal wird iiber eine Eingangsstufe 
mittlerer Impedanz einem Verstiarker 
zugefiihrt, der eine Wellenform mit 
steiler Vorderflanke erzeugt, die eine 
bistabile Schaltung triggert. Die Funktion 
dieser Schaltung ist, unabhangig von der 
Eingangswellenform eine Rechteckwelle 
mit gleicher Impulsbreitenmodulation 
abzugeben. Der Ausgang dieser bistabilen 
Schaltung wird weiter in einer gegenge- 
koppelten Treiberschaltung verstarkt und 
ruft eine Rechteckwelle grosser Ampli- 
tude hervor, die den Ausgangstransistor 
treibt. Der Ausgang der letzteren Stufe 
wird durch eine Zener-Bezugsdiode 
begrenzt, wodurch eine konstante Ampli- 
tude der Rechteckwelle gewiahrleistet 
wird, die an den aus Eichkondensatoren 
und Gleichrichterdioden _bestehenden 
Messkreis angelegt wird. Der ent- 
stehende gleichgerichtete Kondensator- 
strom geht durch das Instrument und ist 
der Impulsfolgefrequenz und daher der 
Eingangssignalfrequenz oder  -impuls- 
frequenz direkt proportional. Die Instru- 
mentanzeige wird weder durch Netz- 
schwankungen noch durch den Pegel des 
Eingangssignals beeinflusst. Um _ das 
Geriit besonders leicht tragbar zu 
machen, ist eine aufladbare Venner Silber- 
Zinkbatterie mit der zugehérigen Lade- 
schaltung eingebaut. Die Ladung wird 
automatisch unterbrochen sowie die 
Batterie voll aufgeladen ist. 
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MINIATUR-KOMPENSATIONSSCHREIBER 
(Abbildung Seite 653) 

Dieses Instrument  entspricht den 
industriellen Forderungen nach einem 
Prizisionsschreiber, der die  kleinst- 
mégliche Fliche auf der Messtafel 
einnimmt und doch Eigenschaften und 
Genauigkeit eines traditionelleren Gerites 
aufweist. 


Das komplette Instrument nimmt einen 
Raum von 200 x 140 mm auf der Tafel 
ein und ist 470 mm tief. Die eingebauten 
elektronischen Bausteine testehen aus 
einer Eingangsschaltung mit gerauschar- 
mem mechanischem Zerhacker und 
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Prazisions-Ausgleichspotentiometer, einem 
transistorisierten, temperaturkompensier- 
ten Hochleistungsverstaérker, Netzteil, 
Ausgangsstufe und einer hochkonstanten 
Zenerspannung-Bezugsquelle, die eine 
Normailzelle iiberfliissig macht. 


Die Héchstgeschwindigkeit der Stylus- 
ablenkung ist 76,2 mm/s, und Vollaus- 
schlagsempfindlichkeiten zwischen 1 mV 
und 10060 mV _ sind lieferbar. Papier- 
vorschiibe zwischen 12,7 mm/h bis 305 
mm/h kénnen vorgesehen werden. 


EE 26 759 fiir weitere Einzelheiten 


THE GENERAL ELECTRIC CO LTD 

Magnet House, Kingsway, London, W.C.2 
SCHWINGUNGSERREGER-TREIBER 

(Abbildung Seite 653) 

Diese in einem kompletten, in sich 
geschlossenen Steuerpult untergebrachte 
Anlage kann von einem angelernten 
Arbeiter bedient werden. Sie kann die 
meisten von Regierungsbehérden vor- 
geschriebenen Schwingungstests aus- 
fiihren und braucht zum _tiglichen 
Gebrauch nicht besonders eingerichtet 
zu werden. Dauerversuche kénnen ohne 
Wartung iiber Zeitspannen von 0,1... 
1000h vorgenommen werden. 


Die Anlage besteht aus einem Lei- 
stungsverstarker und einer Gleichspan- 
nungsquelle fiir den  Betrieb eines 
Schwingungserzeugers wie 2z.B. den 
G.E.C. VEM 5 Baumuster 2, einem 
Oszillator, Magnetband-Laufwerk und 
einem Servoverstérker zur Regelung der 
konstanten Beschleunigung. Alle diese 
Geraite sind im Pult untergebracht, 
zusammen mit allen Regler-, Monitor- 
und Schutzschaltungen und Zeitschalter. 
Nur der Schwingungserreger, die Kiihl- 
ventilatoren und der Kathodenverstirker 
des Beschleunigungsmessers sind getrennt 
ausgefiihrt. 

Die NF-Ausgangsleistung ist in der 
Gréssenordnung von 2,5kW mit einer 
Gesamtverzerrung unter 2% im Fre- 
quenzbereich 30 Hz... 10kHz. Der Ver- 
starker liefert insgesamt 3kW in Impe- 
danzen von 10, 15 oder 202, bevor die 
Schiitzen ansprechen. Der Eingang kann 
von einer externen Quelle, dem einge- 
bauten Oszillator oder dem Magnetband- 
gerat im Pult zugefiihrt werden. 


Eine liefert 


Gleichspannungsquelle 
230 V 2A mit einer Restwelligkeit unter 
5%, fiir die Feldspuie des elektromag- 
netischen Schwingungserregers. 


Der eingebaute Oszillator iiberstreicht 
den Bereich von 30Hz...10kHz. Die 
Ausgangsfrequenz wird mit +5% 
Genauigkeit auf einer 25,4cm langen 
240° Skala mit logarithmischer Eichung 
angezeigt. Ausser der abgegebenen Fest- 
frequenz kann die Oszillatorfrequenz 
auch mit logarithmischer Ablenkung als 
Funktion der Zeit gesteuert werden. Die 
Begrenzung dieser Uberstreichung kann 
vom gesamten Frequenzbereich gewahlt 
werden, und die Ablenkgeschwindigkeit 
kann stufenlos zwischen 4 und 140 
Sekunden/Oktave eingeregelt werden. 
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Ein Simon-Magnetbandgerat SP4 mit 
Doppelspur und automatischer Umkehr 
ist in eine Schublade des Pultes ecinge- 
baut und kann mit einem Bandprogramm 
jedes gewiinschten Tests innerhalb des 
Verstirker-Frequenzbandes benutzt wer- 
den. Das Programm wird dann laufend 
mit 5s Unterbrechungen fiir Magnet- 
bandumkehr wiedergegeben. 


Konstante Beschleunigung wird mit 
Hilfe eines g-Niveau-Reglers erreicht, der 
von einem der drei Beschleunigungs- 
messer mit Daten gespeist wird. Die 
Beschleunigung kann innerhalb +1dB 
konstant gehalten werden. Der g-Wert 
wird auf einem zwischen 2... 100g 
logarithmisch geeichten Instrument ange- 
zeigt. 

Um den taglichen Gebrauch zu verein- 
fachen, sind alle Bedienungselemente auf 
der Frontplatte angeordnet. Nach Ein- 
stellung fiir eine bekannte Aufgabe 
braucht nur ein- und ausgeschaltet zu 
werden. Alle Aufwarm- und Schutzschal- 
tungen arbeiten automatisch, so dass zur 
Inbetricbnahme des Gerites keinerlei 
technische Kenntnisse erforderlich sind. 
Umschalten auf neue Aufgaben kann im 
allgemeinen durch Bedienung von Druck- 
tasten auf der Frontplatte erfolgen. 
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VERKEHRSEMPFANGER 


Der BRT400D ist ein 14-Réhren- 
Uberlagerungsempfanger mit einem Fre- 
quenzbereich von 150...385kHz und 
0,51 ...30,0 MHz in sechs’ Bandern. 
Empfindlichkeit, Geraiuschabstand und 
Frequenzstabilitat sind hochgradig. Ein- 
bau einer sechsstufigen Selektivitatswahl 
und eines dusserst wirksamen Quarz- 
filters tragen zu einer Leistung bei, die 
den Empfinger fiir den anspruchsvoll- 
sten Dienst auf fast allen Verwendungs- 
gebieten geecignet machen. Das Gerit ist 
fiir Diversity-Empfang und, zusammen 
mit geeignetem Uberfiihrungsgerat, fiir 
F1-Tastung im Funktelegraphiedienst 
ausgelegt. 

Im normalen Betrieb wird der Emp- 
fanger an das Wechselstromnetz ange- 
schlossen. Im Notfall, oder wo kein 
solches Netz zur Verfiigung steht, kann 
das Batterieanschlussgerat BRT 401 einge- 
setzt und mit 12V Gleichspannung 
gespeist werden. 


Alle Bauelemente, Werkstoffe und 
Oberflichenbehandlung fiir die Kon- 
struktion der BRT400 Serie wurden 
besonders fiir schwierigste tropische 
Klimabedingungen ausgesucht und ge- 
priift. Sie entsprechen entweder den 
Britischen Waffennormen oder wurden, 
wo diese nicht zutreffen, dem tropischen 
Standardklimatest K 110 unterworfen. 

Wo Telegraphie nur geringe oder gar 
keine Bedeutung hat und die Hauptauf- 
gabe Empfang hochwertiger Telephonie- 
sendungen ist, wie z.B. fiir Ballemp- 
fanger, kann der 1 kHz-NF-Saugkreis 
durch ein 9 kHz-Sperrfilter ersetzt werden. 
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GENERAL PRECISION SYSTEMS 
LTD 
Aylesbury, Buckinghamshire 

RECHNER FUR LUFTFAHRTFORSCHUNG 

Dieser elektronische Rechner wurde 
von General Precision Systems Ltd als 
kompakter, anpassungsfahiger und viel- 
seitiger Analogrechner fiir Lésung 
dynamischer Probleme auf dem Luftfahrt- 
gebiet entwickelt. In seiner Grundform, 
die im Bedarfsfall wesentlich erweitert 
werden kann, besteht er aus folgenden 
Bausteinen : — 


(a) 30 Hochleistungsverstarker mit Chop- 
perstabilisierung 


(b) 20 Rechnernetzwerke fiir Summation 
and Integration 


(c) 10 Rechnernetzwerke fiir Summation 

(d) 40 Prizisions-Koeffizientenpotentio- 
meter (10-Gang-Wendel) 

(e) 3 Velodyne-getriebene Servomultipli- 
katoren /Funktionsgeber 


(f) 5 Motorgetriebene Servomultiplika- 
toren/Funktionsgeber 


(g) 2 Elektronische Multiplikatoren 
(h) 2 Elektronische Funktionsgeber 


(i) 5 Bausteine fiir “Tote Zone”- und 
“Begrenzung”-Nachbildung 


(j) Digital-Véltmeter, das  tiber Wahl- 
schalter direkt an die Rechenelemente 
angelegt werden kann 


(k) Zweistrahl-Oszillograph mit ahnlichem 
Wahlschalter 


(1) Spezieller Funktionsgeber 


(m) Zentrales Steuer- und Uberlastungs- 
schutzgerit, 


Die im Rechner benutzten Verstarker 
wurden als besonders zuverlassige und 
trotzdem wirtschaftliche Geradte  ent- 
wickelt, die mit zwei Modellen der 
Rechnernetzwerk-Bausteine fiir Summa- 
tion und Integration eingesetzt werden. 
Die Anfangsbedingungen der Integration 
werden mittels eines in den Baustein ein- 
gebauten 10-gingigen Prizisions- Wendel- 
potentiometers eingestellt. Die in den 
Netzwerken verwendeten Prizisions- 
Bauelemente haben alle 0,1% Toleranz. 
In vielen Fallen wird dadurch die 
Rechengenauigkeit grésser als die der 
Primardaten; die Zuverlaissigkeit der 
Resultate wird jedoch durch Einsatz 
dieser Bauelemente erhéht. 


Die Gleichungskoeffizienten oder die 
zu untersuchenden Parameter werden im 
Rechner mittels 10-gingiger Potentio- 
meter eingestellt und  nachgeregelt, 
wofiir 40 Potentiometer vorgesehen sind, 
die gegen unbeabsichtigte Uberlastung 
gesichert sind. Fiir sehr genaue Einstel- 
lung oder Abtastung stehen eine interne 
Bezugsquelle und ein Digitalvoltmeter zur 
Verfiigung. 

Die zwei Servomultiplikatoren-Typen 
ermdglichen Bearbeitung eines umfang- 
reichen Problembereiches. Das Velo- 
dyne-getriebene Modell ist in Bezug auf 
die zu verarbeitenden Frequenzen be- 
grenzt, hat aber den Vorteil, dass 
es mit dem richtigen Getriebe tiber 
mehrere Stunden integrieren kann. Als 
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Potentiometerkarten werden 4 Zoll (101,6 
mm) lange Streifenwicklungen benutzt, 
deren Konstruktion schnelles Aus- 
wechseln der Karten zur Nachbildung 
verschiedener Funktionen erlaubt. Die 
eisenfreie, motorgetriebene Servotype ist 
fiir Betrieb in Istzeit ideal, da die obere 
Grenze des nutzbaren Frequenzganges 
10 Hz ist, Fiir beide Servotypen werden 
bestimmte Potentiometer mit Anzap- 
fungen versehen, um mittels einstellbarer 
Widerstinde mathematische Gesetze zu 
ergeben. Die gewiinschte Funktion kann 
mit Hilfe des Digitalvoltmeters einge- 
stellt werden. 


Ausreichende Bereitstellung von elek- 
tronischen Miultiplikatoren und Funk- 
tionsgebern erméglicht auch Lésung von 
Problemen, in denen  verhiltnismissig 
hohe Frequenzen auftreten. Der Multi- 
plikator hat Impulsbreitenmodulation 
und kann so eingesetzt werden, dass er 
bis zu vier Produkte abgibt. Der Funk- 
tionsgeber benutzt 10 mittels  vor- 
gespannter Dioden erzeugte Strecken- 
abschnitte zur Approximierung jeder 
beliebigen einwertigen Funktion einer 
Eingangsvariablen. Fiir die 10 geradlini- 
gen Streckenabschnitte kénnen mit Hilfe 
des Digitalvoltmeters die erforderlichen 
Knickpunktwerte eingestellt werden, die 
die Funktion am besten wiedergeben. 


Die verschiedenen Elemente werden 
mittels einadriger Steckerschniire auf 
einem auswechselbaren Schalttafelfeld 
zusammengeschaltet. 


EE 26 762 fiir weitere Einzelheiten 


GOODMANS INDUSTRIES LTD 
Axiom Works, Wembley, Middlesex 
AUTOMATISCHER ABLENKOSZILLATOR 


Der Ablenkoszillator E.502 wurde als 
genaue und bequeme Quelle sinusférmiger 
Schwingungen entwickelt, deren Frequenz 
sich nach einem vorgegebenen Gesetz 
andert. Das Standardmodell folgt dem 
in Pflichtblattern fiir viele Fernwaffentests 
festgelegten Gesetz 


(df|de) = (1/70) f*!* 


Es ist jedoch méglich, im Sonderauf- 
trag jedes beliebige Gesetz zu erfiillen, 
dessen Frequenzgeschwindigkeit an den 
dussersten Grenzen des jeweiligen Bandes 
das Verhialtnis 100:1 nicht iiberschreitet. 


Zwei Frequenzbereiche von 5...500 Hz 
und 30 Hz...3 kHz sind vorgesehen. Ein 
hochwertiger § Wien-Briicken-Oszillator 
mit folgendem Kathodenverstarker findet 
Verwendung, wodurch sehr stabile Fre- 
quenzen und geringe Verzerrungen sowie 
konstante Amplituden erzielt werden. Mit 
gegebener Einstellung der Verstirkung 
sind Amplitudenschwankungen zwischen 
den beiden Bereichen oder von einem 
dussersten Ende jedes Bereiches zum 
anderen geringer als 1 dB und die Verzer- 
rungen geringer als 2%. Automatisches 
Uberstreichen wird durch einen Gleich- 
strommotor erzielt, dessen Steuerung 
durch ein Relais und magnetische Kup- 
plung mit dem das Gesetz bestimmenden 
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Potentiometer erfolgt. Einstellbare Grenz- 
schalter bestimmen die Stellungen, in 
denen der Motor umgekehrt wird. Vorge- 
sehene Einrichtungen erméglichen Uber- 
streichung bei Hand oder einen Ablenk- 
ablauf. Fiir jede Stellung innerhalb der 
vorgewahlten Grenzen der Skala kann 
ein Mikroschalter eingestellt werden und 
die Umstellung von Messungen mit kon- 
stanter Beschleunigung zu _ konstanter 
Geschwindigkeit betitigen, wo sie in 
Zusammenhang mit einem g-gesteuerten 
Verstérker ausgefiihrt werden. 

Zwei Ausginge sind vorgesehen: tiber 
ein Dampfungsglied mit Kathodenver- 
stirker und bei hohem Pegel zur Syn- 
chronisierung eines Stroboskops. 


Das Gerit wird entweder im Einzelge- 
hause oder mit Frontplatte zum Einbau 
in Gestelle oder Pulte geliefert. 


Die abgegebene Héchstspannung ist 
entweder 5 V in einen 20 k®&2 Widerstand 
oder 0,5 V in 600 &. 
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SIEBENK ANAL-K ATHODENVERSTARKER 
(A bbildung Seite 654) 


Siebenkanal-Kathodenverstarker 
Modell E.506 wurde entwickelt, um 
Bariumtitanat - Beschleunigungsmesser 
iiber verhaltnismassig lange Kabel mit 
der Hauptmessstelle eines Schwingungs- 
testsystems verbinden zu kénnen. 


Der Eingangswiderstand ist 100 M2 
und der Ausgangswiderstand 800 © in 
Serie mit einem 0,5 «F Kondensator. Der 
Frequenzgang von 5 Hz...20 kHz ist 
+1 dB; mit einem doppelt abgeschirmten 
9,5 m Kabel ist der Frequenzgang bei 
derselben Reproduzierbarkeit 5 Hz... 
2 kHz. Zwischen Beschleunigungsmesser 
und Kathodenverstirkereingang kénnen 
Kabellingen bis zu 9,15 m_ benutzt 
werden, ohne dass die effektive Emp- 
findlichkeit des Beschleunigungsmessers 
unter die in normaler Praxis vorkom- 
menden Werte absinkt. Das wird durch 
Verwendung doppelt abgeschirmter Kabel 
erreicht, deren innerer Leiter zwischen 
dem aktiven Element und dem Gitter der 
Eingangsréhre liegt, wahrend die innere 
Abschirmung des Kabels an einem Ende 
an der Kathode der Eingangsréhre liegt, 
das andere Ende jedoch isoliert ist. Die 
dussere Abschirmung ist an einem Ende 
geerdet und am anderen an die Erd- 
elektrode des Beschleunigungsmessers 
geschaltet. Dadurch wird die Kabel- 
kapazitat um einen Faktor von ungefahr 
30 herabgesetzt. 


Das Gerat wird entweder im Gehise 
oder fiir Gestelleinbau geliefert. 
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HONEYWELL CONTROLS LTD 
Ruislip Road East, Greenford, Middlesex 
DIREKTSCHREIBENDER OSZILLOGRAPH 
(Abbildung Seite 655) 
Nach Aufhebung der Einfuhrbeschrin- 
kung fiir Oszillographen aus USA hat 
Honeywell Controls fiir ihre ameri- 
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kanischen Mitarbeiter den Vertrieb eines 
direktschreibenden 14-Kanal-Oszillo- 
graphen unter dem Namen Visicorder 
iibernommen. 


Dieses Gerat wird bereits auf vielen 
Gebieten  einschliesslich Wetter- und 
Erdbebenforschung, Verfolgung von 
Flugkérpern, Windstrémungs- und Wind- 
kanalversuche eingesctzt. 


Der Visicorder ahnelt beziiglich Licht- 
quclle, Spiegelgalvanometern, optischem 
System und Papiervorschub traditionellen 
Oszillographen. Es werden jedoch keine 
chemischen Mittel wie z.B. Tinte, elektro- 
Statische Ladung, Lichtbogen, chemische 
Dampfe oder Warme fiir die Dauerauf- 
zeichnung benutzt. 

Auf 15,25 cm breitem Registrierpapier 
kénnen durch 12 Kanale Frequenzen bis 
zu 5 kHz sowie zwei Bezugs- oder Zeit- 
spuren aufgezeichnet werden. Helligkeits- 
regelung, Rastersysteme und Spurkenn- 
zeichnung sind vorgesehen. Das Gerat 
eignet sich fiir Fernsteuerung und ist mit 
einer selbstgehenden Registrierlampe aus- 
geriistet. Ein Netzgerat ist eingebaut. 
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McMICHAEL RADIO LTD 
Wexham Road, Slough, Buckinghamshire 
RADAR-AUFZEICHNUNG 
(Abbildung Seite 655) 
Die Anlage ist ein Marine-Standard- 
gerat, das zur Ausbildung von Radar- 
personal benutzt wird. Wo eine Dauer- 


aufzeichnung benétigt wird, kann es auch 

der Radarinformationserfassung dienen. 
Das Gerat REJ benutzt 35mm Film zur 

Aufzeichnung und Wiedergabe der Video- 


Signale von Radargeréiten mit Stern- 
schreibern und sich  kontinuierlich 
drehender Antenne. Es kann in jedem 
eingestellten Bereich zwischen 10 und 
160 Meilen (16...257 km) mit Anlagen 
bis zu 100 UPM Datengeschwindigkeit 
betrieben werden. Eine Nordanzeige kann 
auch aufgezeichnet werden. 

Drei Aufzeichnungs- und Wieder- 
gabegeschwindigkeiten sind vorgesehen, 
und der Hauptantrieb kann entweder 
Magslip- oder M-Ausstrahlung angepasst 
werden. 

Ein Magnetband ist eingebaut, so dass 
mit dem Film  synchronisierte Kom- 
mentare aufgenommen und wiedergegeben 
werden kénnen. 


Die Anlage kann auch mittels eines 
Fernsteuerungsgerites bedient werden. 
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BINARES ELEMENT 
(Abbildung Seite 655) 


Fiir dieses Spezial-Bindrelement 
,dividiere durch 2” werden McMichael 
Kleinstschaltungen benutzt. Es wurde als 
vielseitiger Baustein fiir die Entwicklung 
kompakter Rechner im  Flugzeug- 
und Weltraumforschungsprogramm kon- 
struiert. Der Baustein besteht aus einer 


OCTOBER 1960 


bistabilen Schaltung mit 2 Transistoren 
mit den erforderlichen Eingaingen, Aus- 
gangen und Riickkopplung zum Dekaden- 
zihlen. Er ist fiir Betrieb von 5...7 V 
ausgelegt, hat eine Stromaufnahme von 
4 mA und arbeitet mit Taktfrequenzen 
bis zu 100kHz von Impulsen, die 
mindestens 2 ws lang sind. Der Tempera- 
turbereich ist von 0...60°C. 

Der Kubikinhalt des Elementes ist 
8.25 cm‘; es wiegt 3,5 g und umfasst 
2 Ge-Transistoren, 2 Ge-Dioden, 4 
keramische Kondensatoren und 8 Wider- 
stinde. Die Bauelementdichte entspricht 
8/cm*. 
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MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
UNIVERSAL-PRAZISIONSMESSBRUCKE 
(Abbildung Seite 655) 

Die TF 1313 ist eine neue Mehrzweck- 
Impedanzmessbriicke mit 0.25% Genauig- 
keit. Alle L, C und R Messungen 
werden auf einer Skala mit Grob- und 
Feineinstellung abgelesen; die Grobab- 
stimmung erfolgt in 1%-Stufen, und die 
Feinabstimmung interpoliert 50 Teil- 
striche pro Stufe. Das Messgerat zeigt 
deutlich, in  welcher Richtung der 
Abgleichpunkt liegt, selbst wenn die 
Briicke sehr unausgeglichen ist; dadurch 
wird das Messen vdéllig unbekannter 
Bauelemente beschleunigt und ver- 
einfacht. Ein externer NF-Oszillator 
kann angeschlossen werden, wenn fiir L 
und C Messungen andere Frequenzen 
als die internen 1 und 10kHz erforder- 
lich sind. Der Detektor-Ausgang kann 
auch fiir Nullanzeige mittels eines 
externen Oszillographen oder Kopfhérers 
abgenommen werden. 


Folgende Bereiche werden iiberstrichen: 
Induktivitat 0,14H...110H bei § und 
10 kHz; Kapazitét 0,1 pF...110 4% bei 
1 und 10kHz; Widerstand 0,012... 
110 MO bei Gleichstrom. 
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TRANSPONDER-PRUFPGERAT 
(Abbildung Seite 655) 


Priifgerat Type 506 ist ein Differential- 
Impulsdampfungsglied, das von Marconi 
Instruments gemeinsam mit dem Luft- 
fahrtministerium als Teil ihres Zivil- 
Sekundar - Rundsicht - Radarprogramms 
entwickelt wurde. Zusammen mit dem 
Marconi UHf-Messender TF 1060 ist es 
zur Priifung des Empfangerteils eines 
Transponders und besonders dessen 
Seitenlappenunterdriickung nach den von 
der I.C.A.0.  festgelegten Normen 
geeignet. 

Das Priifgerat erzeugt eine aus zwei 
oder drei Impulsen bestehende Video- 
Impulsreihe mit einer stufenlos iiber den 
Bereich von 250...2000 pro Sekunde 
variablen Folgefrequenz. Die Breite der 
einzelnen Impulse ist zwischen 0,5 und 
2s einregelbar, und der Abstand kann 
durch einen Schalter auf das vorgegebene 
Zeitintervall fiir Ziviiverfahren A, B, C 
und D oder kontinuierliche Regelung 
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bis zu 30 us eingestellt werden. Diese 
Impulsreihen modulieren den  UHf- 
Messender, der auf die gewiinschte HF- 
Frequenz eingestellt ist. m 


Das entstehende modulierte HF-Signal 
wird in das Priifgerat zuriickgespeist und 
geht durch das Differential-Dampfungs- 
glied. Hierdurch kann die relative 
Amplitude von einem Impuls in der 
Zwei-Impulsreihe und von einem oder 
zwei Impuisen in der Drei-Impulsreihe 
um plus oder minus 10 dB gegentiber der 
anderen verandert werden, Durch einen 
Funktionsschalter kénnen entweder die 
Kontroll- oder Abtastimpulse wunsch- 
gemiss als variable Impulse eingestellt 
werden. 

Das an der Ausgangsbuchse des 
Priifgerites erscheinende HF-Signal kann 
auf Wunsch dem eingebauten Kristall- 
detektor und nachfolgenden Video- 
Verstarker zwecks Uberwachung zuge- 
fiihrt werden. Der Verstdirkerausgang 
kann in einem geeigneten Oszillographen, 
z.B, dem Marconi TF 1330, beobachtet 
werden. Der mit “Synchronisierung Aus- 
gang” bezeichneten Buchse kann ein 
Triggerimpuls fiir den Oszillographen 
entnommen werden, der Sys vor dem 
ersten HF-Impuls auftritt. 


Durch die Konstruktion kann der 
Messender, wie im Bild gezeigt, tiber dem 
Priifgerat aufgestellt werden. 
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MARCONP’S WIRELESS 
TELEGRAPH CO. LTD 
Chelmsford, Essex 

KOMMERZIELLE UKW-ANLAGE 
(Abbildung Seite 656) 
Die Anlage besteht aus einem UKW- 
Sender Type 6400 und einem UKW- 
Empfanger 6401. 


UKW-Sender 

Der Sender hat im Frequenzbereich 
118,0 .. . 135,95 MHz 360 quarz- 
gesteuerte Kanile mit 50kHz Abstand 
zwischen den Kanilen und einer Leistung 
von 25 W. In einem kurzen 3/8 ATR 
Gehiuse eingebaut wiegt er nur 6,35 kg 
und stelit mit dem Empfanger 6401 eine 
kommerzielle UKW-Anlage kleiner Ab- 
messungen dar, die nur 10,5 kg wiegt. 


Die Anlage entspricht allen elek- 
trischen Anforderungen der ARINC- 
Norm 520A, hat jedoch eine Anzahl 
zusatzlicher Merkmale, unter denen als 
wichtigste Einbau einer automatischen 
Modulationssteuerung und 12 dB Sprach- 
abkappung, um unter allen Umstainden 
héchste Verstandlichkeit zu gewahrleisten, 
hervorzuheben ist. 


Wo immer miédglich, werden Transi- 
storen verwendet; Modulator und Quarz- 
treiberstufen sind volltransistorisiert. 
Verwendung der vor kurzem entwickel- 
ten Oberschwingungsquarze verringert 
die Anzahl der erforderlichen Stufen und 
gibt erhéhten Schutz gegen Nebenaus- 
strahlungen. Der Sender kann mit 
elektromagnetischen Mikrofonen (ein- 
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schliesslich geriuscharmen Typen) und 
Kohlemikrofonen betrieben werden, so 
dass er ohne Anderung mit britischen und 
amerikanischen Eigenverstaindigungsan- 
lagen vereinbar ist. 


Type 6400 ist fiir Ein- oder Zweikanal- 
Simplexbetrieb eingerichtet, und die 
Modulatorschaltung ist fiir kiinftige auto- 
matische Dateniibertragungssysteme aus- 
gelegt. 

UKW-Empfdnger 

Der Empfinger 6401 ist fiir Einsatz mit 
Sender 6400 entwickelt und _bildet 
ausserdem bei Verwendung mit anderen 
Geriten ein volltransistorisiertes UKW- 
Navigations- und Anflugleitsystem. 


Empfianger 6401 tiberstreicht das Band 
108,0 ... 139,95 MHz und sieht in diesem 
Band 650 Kanile vor. Er ist voll- 
transistorisiert und wiegt in einem kurzen 
ATR Gehiuse nur ungefahr 3,6 kg. 


Es ist ein Mehrfach-Uberlagerungsemp- 
finger mit einer letzten Zwischenfre- 
quenz von 500 kHz, die die Haupt- 
Selektionscharakteristik ergibt. Die Bau- 
elemente in der Detektorschaltung sind fiir 
zufriedenstellenden Betrieb in “Hdéhe- 
punkt”-Ausstrahlung bemessen, und die 
Sprache geht durch vom Geriuschab- 
stand gesteuerte Schaltung zu den NF- 
Ausgangsstufen. 
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PYE TELECOMMUNICATIONS LTD 
Newmarket Road, Cambridge 
RADIOGESTEUERTES FERNSEHEN 


Dieses radiogesteuerte Fernsehsystem 
ist vollig beweglich und unabhangig von 
Kabeln. 


Das System erlaubt dem Kontroll- 
turmpersonal, Gelinde zu beobachten, 
das sie sonst nicht sehen kénnen, vor 
allem Bereitstellungsriume, Rollbahnen, 
Start- und Landebahnen, besonders in 
Betriebszeiten mit geringer Sichtbarkeit. 
Auf Test- und  Versuchsflugplaitzen 
kann die Ausfiihrung von Start ‘nd 
Landung genau beobachtet werden. 


Die Verwendung von _ Radio-Fern- 
steuerungsverbindungen gibt dem System 
eine ausserordentliche Anpassungs- 
fahigkeit; fiir praktische Zwecke ist die 
Entfernung zwischen Bedienung und 
Kamera fast unbegrenzt. 


Die Anlage wurde auf dem Pye Tele- 
communications Stand im Ausstellungs- 
gebiude vorgefiihrt, von wo mittels 
eines kleinen Steuerkniippels eine ent- 
fernte Kamera auf einer beliebigen 
Stelle des Flugfeldes durch Radio be- 
dient wurde. Das Steuersystem arbeitet 
tiber cine 450MHz UHf-Verbindung, 
und die Bilder werden tiber eine Mikro- 
wellenbriicke zuriickgespeist. Die ent- 
fernte Kamera hat keinerlei Bedienungs- 
personal und arbeitet véllig automatisch, 
da alle Funktionen iiber die Radio- 
verbindung gesteuert werden. 


EE 26771 fiir weitere Einzelheiten 


ELECTRONIC ENGINEERING 


W. H. SANDERS (ELECTRONICS) 
LTD 
Gunnels Wood Road, Stevenage, Hertfordshire 
MIKROWELLEN-EICHEMPFANGER 
(Abbildung Seite 656) 

Eine neve Ausfiihrung des 45 MHz- 
Eichempfingers ist jetzt lieferbar. Die 
Verbesserung gegeniiber dem_ bestehen- 
den Modell umfasst: 


Rauschfaktor 
Zwischenfrequenz 45 MHz 
Bandbreite +2,5 MHz 


Ein eingebautes Instrument mii Dop- 
pelmesswerk erméglicht Uberwachung 
der Stréme in den ersten und zweiten 
Detektorstufen; eine wahlweise Empfind- 
lichkeitseinstellung gibt entweder 1mA 
oder 100A Vollausschlag. 


Das Trommelschalter-Daimpfungsglied 
hat einen Bereich von 0...100dB mit 
Grobregelung in 20dB Stufen und 1 dB 
Feinregelungsstufen von 0...20dB. Der 
Mischkopf ist als getrennte Einheit 
ausgefiihrt, in der leichte Wartung und 
Bauelementaustausch besonders beriick- 
sichtigt wurden. Ein Messpunkt fiir 
Anodenspannung ist in diesem Baustein 
vorgesehen, und die gesamte Anlage ist 
in ein neues Gehiuse fiir Gestellmontage 
eingebaut. 


Im Mischkopf kann jeder Quarz- 
mischer aus dem Standardprogramm fiir 
Hohlleitergréssen 10... 22  eingesetzt 
werden. 


1,8 ...2,5dB 
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THE SOLARTRON ELECTRONIC 
GROUP LTD 
45 Thames Street, Kingston-on-Thames, Surrey 
DIGITALDATENDRUCKER 


(A bbildung Seite 656) 


Analogsignale positiver oder negativer 
Polaritét kénnen diesem Gerat von bis 


zu 50 Kanialen zur Umwandlung in 
Digitalsignale zugefiihrt werden, die einen 
eingebauten Drucker treiben. Die Abfrage 
erfolgt mit einer Geschwindigkeit von 
zwei Kanilen pro Sekunde mit einer 
Analog-Digital-Umsetzgenauigkeit von 
0,1%. Die gedruckten Daten geben 
auf einem laufenden 76 mm _ breiten 
Papierstreifen das Kanalkennzeichen, den 
gemessenen Wert und die Polaritat. 


Das Gerat besteht aus folgenden 
Bausteinen: einem 50-Kanal-Kollektor, 
einem Analog-Digitalumsetzer mit 
Sichtanzeige und einem Drucker. 


Der Kollektor verwendet abgedichtete 
Relais, die fiir lange Lebensdauer und 
Gerauscharmut mit vergoldeten Kon- 
takten ausgeriistet sind. Er wirkt als 
zweipoliger Schalter mit 50 Stufen, der 
nacheinander die 50 Eingainge an den 
Umsetzer legt. 


Durch einen Schalter im Kollektor- 
gerat kann jede der drei Arbeitsmethoden 
eingestellt werden: fortlaufendes auto- 
matisches Abfragen, Einzelabfrage auf 
externen Befehl oder Handbedienung. 
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Das Kollektorgerét ist fest mit dem 
Analog-Digitalumsetzer verschaltet, 
dessen Ausgang in gecigneter Dezimal- 
verschliisselung den Drucker direkt 
steuert. 
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DRUCKGEBER 
(Abbildung Seite 657) 


Der NT 4-314 ist ein Universaldruck- 
geber, der zur Messung mittlerer und 
hoher Driicke eingesetzt wird. Als Abtast- 
element wird ein nicht verbundener 
Miniaturmessstreifen benutzt, und 
Betriebssicherheit sowie Reproduzier- 
barkeit der Ergebnisse sind selbst bei 
ausserordentlichen Schwingungs- und 
Temperaturzustanden gewihrleistet. Die 
biindige Membran des Gebers erméglicht 
Einbau in die Wand eines Druckbehilters 
ohne Anderung des Rauminhalts oder 
Einfiihrung von Wirbeln in den Durch- 
fluss des Druckmittels. 


Hermetisch abgedichtete Ausfiihrungen 
des NT4-313 sind fiir Messungen in 
korrodierender Atmosphire  geeignet. 
Durch die saubere Konstruktion und den 
dem verwendeten rostfreien Stahl eigenen 
Korrosionswiderstand kann der Druck- 
geber selbst in Beriihrung mit kochender 
roter oder weisser Salpetersiure, 100%- 
igem Wasserstoffsuperoxyd oder Uran- 
hexafluorid zufriedenstellend arbeiten. 


Die Geber sind fiir Druckbereiche 
zwischen 7...352 kg/cm? lieferbar. 


Type NT 4-317 ist eine Sonderausfiih- 
rung dieses Gebers, die dauernd in Tem- 
peraturen bis zu 315°C und mit Kihl- 
zusatz bis zu 1100°C arbeiten kann. 
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SOUTHERN INSTRUMENTS LTD 
Frimley Road, Camberley, Surrey 
UNIVERSALPRUFER MIT “SPEICHER” 
(Abbildung Seite 657) 


Durch Benutzung einer  ,,Dreipol*- 
Schaltung kénnen mit dem E.R.L.C. Elek- 
tronischen Universalpriifer mit Speicher 
Messungen iiber einen umfangreichen 
Bereich ausgefiihrt werden. Der Dreipol 
besteht aus einem ausgeglichenen Gleich- 
spannungsverstarker mit drei Klemmen, 
deren Charakteristik zwischen jedem 
beliebigen Klemmenpaar von allen ande- 
ren Paaren weitgehend verschieden ist. 
Das mit 1 und 2 bezeichnete Klemmen- 
paar hat praktisch unendlichen Eingangs- 
widerstand. Das zweite Paar 1, 3 hat 
einen sehr niedrigen Eingangswiderstand, 
wahrend das Paar 2, 3 einen sehr nie- 
drigen Ausgangswiderstand zeigt. 


Die letzte Eigenschaft wird zum 
Treiben eines Méessgerites niedriger 
Impedanz bendtigt, wofiir die Klemmen 
2 und 3 Verwendung finden. 

Der hohe Eingangswiderstand zwischen 
den Klemmen | und 2 gibt dem E.R.I.C. 
viele seiner interessantesten Eigen- 
schaften. Der Widerstand ist so hoch, 
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dass ein geladener Kondensator mit 
hoher Isolation an die Klemmen gelegt 
werden kann, ohne iiber eine Zeitspanne 
von mehreren Stunden einen nennens- 
werten Ladungsverlust zu erleiden. Die 
»Speicher“-Eigenschaft des Gerites wird 
durch Einbau eines Kondensators auf 
diese Weise erzielt. Da die Spannungs- 
verstarkung zwischen diesen Klemmen 
und den Ausgangsklemmen eins ist, zeigt 
das Instrument die Eingangsspannung so 
lange an wie der Kondensator seine 
Ladung halt, die jederzeit durch einen 
Druckknopf geléscht werden kann. 


Mit dem E.R.LC. kénnen auch Wider- 
standsmessungen iiber einen grossen 
Bereich bis zu mehreren hundert Megohm 
vorgenommen werden. 
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STANDARD TELEPHONES AND 
CABLES LTD 
Connaught House, Aldwych, London, W.C.2 
AUTOMATISCHES TRIANGULATIONS- 
PEILGERAT 


Dieses neue Triangulations-Sichtgerat 
gibt zusammen mit einem Netz auto- 
matischer Weitausschnitt - Bodenpeil - 
stationen einfache und genaue Flug- 
zeugortung fiir den FS-Kontrolldienst. 
Die Hauptaufgabe ist Kennung und 
Ortung von Flugzeugen, die in den kon- 
trollierten Luftraum einfliegen oder ihn 
iiberfliegen. Fiir diesen Zweck werden 
nur die im normalen Verkehr mit dem 
FS-Kontrollidienst vom Flugzeug abge- 
strahlten Signale benutzt. Das urspriing- 
lich fiir das STC Weitauschnitt-CADF- 
System bestimmte Sichtgerat kann schnell 
jedem anderen’ Peilgerit angepasst 
werden. 

Das Sichtgerat des neuen PVT-2- 
Systems benutzt Kurzschluss-Fernsehen 
und stellt eine weitere Entwicklungsstufe 
des eingefiihrten PVT-1-Triangulations- 


systems dar. Letzteres ist ein Boden- 
ortungsgerat, das in England und 
anderen europidischen Landern _ seit 
einigen Jahren in Gebrauch ist. 


Das in Farnborough ausgestellte Gerat 
konnte entweder mit _ ,,kiinstlichen“ 
Signalen von einem Simulator oder 
direkten Signalen von zwei auf die 
Frequenzen des Zivilluftfahrt-Kontroll- 
dienstes abgestimmten Peilgeriten ge- 
speist werden. Eins der direkten Signale 
kam von der Zivilortungsanlage in 
Bovingdon, das andere von einer Zivilor- 
tungsanlage, die von Airtech Ltd ausge- 
stellt wurde. 
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ULTRA ELECTRONICS LTD 
Western Avenue, Acton, London, W.3 
VERKEHRS-STEUERSYSTEM 

Diese Anlage trigt mit ihrem Druck- 
tasten - Auswahlsystem wesentlich zur 
fortschreitenden Verkleinerung dieser 
Geritetypen bei. 

In ihrer Grundform§ enthialt die 
Sprechstelle Modell UA 6010 15 Druck- 
tasten zur Wahl von Nachrichtenverkehr 
(Sender und Empfanger), Eigenver- 
standigung und Kabinenrundspruch. 
Trotzdem ist die Frontplatte nur 14,7 x 
7,6cm gross und das Gerat wiegt 1,4 kg. 


Das UA 60-System ist dezentralisiert 
mit Verstarkern in jeder Sprechstelle: 
mit einem zusatzlichen zentralen Ver- 
teilerkasten bildet es ein umfangreiches 
Steuersystem fiir den Nachrichtenverkehr. 


Das Fertigungsprogramm umfasst alle 
notwendigen Zusatzgerite wie Verteiler- 
kasten, Verstirker fiir Bodenpersonal, 
Anschlusskasten fiir Bodenpersonal und 
Sprechstelle fiir den Steward. 


Ausser kleinen Abmessungen und 
geringem Gewicht : infolge Anwendung 
moderner Transistortechnik und ge- 
druckter Schaltungen ist Einbau von 


Druckknopf-Auswahl fiir 15, 25 oder 35 
Dienste mit eingebauten Lautstarkereg- 
lern in den Tasten fiir alle Empfanger- 
kanile und mit Kantenbeleuchtung eine 
Hauptcharakteristik des UA 60. 


Das System ist entsprechend den 
amerikanischen Installationsvorschriften 
konstruiert und in gleichem Masse fir 
englische und amerikanische Anlagen 
geeignet. Auf Wunsch kann das System 
fir Sonderanforderungen abgewandelt 
werden. 
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VACTRIC (Control Equipment) LTD 
Vactric House, Sloane Square, London S.W.1 
SER VO-BAUSTEINE 

(Abbildung Seite 657) 

Im Rahmen des Fertigungsprogramms 
von Priazisions-Servo-Bausteinen in inter- 
nationalen Gestellgréssen wurden drei 
neue Gerite gezeigt. Es handelt sich um 
einen Wechseistrommotor-Tachogenerator 
Grésse 15, einen Spaltfeld-Gleichstrom- 
motor Grésse 15 und einen Wechsel- 
strommotor Grdsse 08. 


Der Wechselstrommotor-Tachogenerator 
Grésse 15 hat einen zweiphasigen 400 Hz 
Motor und eine Tachogeneratorleistung 
von 3,0 V/1000 UPM mit einer Gerad- 
linigkeit von +0,5%. 


Das Abfallmoment des Spaltfeldmotors 
ist bei Héchsterregung 160 cmg. Der 
héchste externe Serienwiderstand ist 18 2 
und der Léauferhéchststrom 1 A. Die 
Laufertrigheit ist 13 cm’, der Erreger- 
strom 40—0—40 mA und der Feldwider- 
stand 800 2 pro Wicklung. 


Der Wechselstrommotor Grésse 08 ist 
ein zweiphasiger 400 Hz Baustein mit 
einem Minimumabfallmoment von 219 
cmg und einer Leerlaufgeschwindigkeit 
von 6200 UPM. Der Motor wiegt 48 g. 
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Zusammenfassung 
der wichtigsten Beitrage 


Ein Sonderzweck Analog-Digital-Wandler 


von G. C, Henderson 


Der hier beschriebene Analog-Digital-Wandler wurde fiir ein Datenverarbeitungssystem zur 
Analyse von Zeitmultiplex-Fernmessungsaufzeichnungen entwickelt. Mit nichtlinearen Spannungs- 
Zusammenfassung des analogen des zu messenden Parameters, einer Anzahl von Ejichspannungen und einer Reihe von 
Beitrages auf Seite 602-608 Stroboskop-Impulsen am Eingang bildet der Wandler eine bindre und eine analoge Abgabe, die beide 
in gewiinschten Einheiten in linearer Beziehung zum Parameterwert stehen. Automatische Korrektur 

der Gesamtverstarkung des Systems und der Pegeldrift ist vorgesehen. 
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Statisches Schalten von G. H. Ohlsen 

Zweck und Vorteile der ruhenden Schaltung und ihre Ableitung aus der Digitalrechnertechnik 
werden besprochen. Vorliegende Methoden werden verglichen und ein vollstindiges System mit 
NOCH-Einheiten als Logikelementen mit Behandlung und Lésung einfacher Probleme beschrieben. 


Zusammenfassung des 
Beitrages auf Seite 609-613 


Der Differentialanalysator und seine Verwirklichung in Digitalform von P. L. Owen, M. F. Partridge und T. R. H. Sizer 


Dieser Beitrag beschreibt den Differentialanalysator sowohl in seiner urspriinglichen mechanischen 
Form als auch einer spateren Digitalentwicklung. Rechenmaschinen dieser Gruppe verarbeiten im 
allgemeinen Information, die sich kontinuierlich Gndert, wie sie z.B. in der Lésung von Differentialglei- 
Zusammenfassung des chungen auftritt. 

Beitrages auf Seite 614-617 Vor kurzem wurde im Zusammenhang mit Anwendung der Digitaltechnik Interesse fiir diese 
Differentialanalysatoren erregt, das zur Entwicklung des Digital-Differentialanalysators (abgekiirzt 
DDA) fiihrte. Dieser Rechner hat grosse betriebsmdssige Anpassungsfahigkeit und die dem 

Digitalsystem eigene Genauigkeit. 


Ein automatischer Tiiréffner mit Verschliisselung von J. D. Storer 

Ein einfaches Geheimschloss wird beschrieben, das mittels Druckknépfen betatigt wird, die mit den 
Buchstaben des Alphabets gekennzeichnet sind: Vier Buchstaben miissen in der richtigen Reihenfolge 
bedient werden. Die Schaltung besteht aus Drehwahlern und Relais. 


Zusammenfassung des 
Beitrages auf Seite 617-619 


Eine Kaskoden-Triggerschaltung mit einem pnp und einem npn Transistor von P. Arnoldt 


Verwendung eines pnp und eines npn Transistors in Kaskodenanordnung in einer monostabilen 

Triggerschaltung wird beschrieben. Durch Vorschaltung eines Dioden-Integrators wird eine Frequenz- 

teilerstufe gebildet. Die besten Bedingungen fiir betriebssicheres Arbeiten werden abgeleitet. 

Zusammenfassung des Praktische Werte werden fiir eine Stufe angegeben, in der 100 kHz Eingangsimpulse zuverldassig 

Beitrages auf Seite 620-623 iiber einen Temperaturbereich von 5... 50°C durch 10 geteilt werden. Die Ausgangsimpulse der 
Stufe sind zum Treiben eines Folgestufeneingangs geeignet. 


Die Triggerschaltung kann auch zur Erzeugung von Kippschwingungen oder als Zeitmodulator 
Verwendung finden. 


Verwendung von Siliziumwiderstinden in der Gleichstromstabilisierung von Transistor-Schaltungen von D. H. Mehrtens 
und J. T. Zakrzewski 
Eine neue Methode zur Stabilisierung des Gleichstrom-Arbeitspunktes von Transistoren unter 
Zusammenfassung des Verwendung von Siliziumwiderstdnden wird vorgeschlagen und ihre Anwendung sowohl fiir Kleinsignal- 
Beitrages auf Seite 624-629 als auch Leistungstransistoren besprochen. Es wird Beweis gefiihrt, dass es mit dieser Methode in 
den weitaus meisten Fallen méglich ist, iiber den ganzen Betriebstemperaturbereich einen konstanten 
Kollektorstrom zu erzielen. 


ISABEL: Dezimalzihler mit biniren Stufen von J. A. Goss 


Beschreibung einer verbesserten logischen Anordnung eines Dezimalzdhlers, die sich auf bistapue 
Elemente stiitzt. Vorteile gegeniiber iiblichen Methoden werden diskutiert und die Arbeitsweise 
verschiedener Schaltungen angegeben, die diese Methode benutzen. 


Zusammenfassung des 
Beitrages auf Seite 630-634 


Ein verbessertes automatisches Messverfahren fiir ionosphairische Absorption von L. Thomas 


Wahrend des internationalen geophysikalischen Jahres wurde im University College in Swansea 
die ionosphdrische Absorption automatisch gemessen. Die beschriebene Anlage ist ein Fortschritt 
gegeniiber friiheren Modellen, die die Mittelamplitude des Echos iiber einen Zeitraum von unge- 

Zusammenfassung des faGhr einer Minute aufzeichneten. Das ganze System ist auf Triggerspannungen mit einem Impuls 
Beitrages auf Seite 635-639 pro Sekunde synchronisiert, wodurch die Stérgerduschsignale besser ausgeglichen und Stdérung 
anderer Dienste auf ein Minimum reduziert werden. Die allgemeine Arbeitsweise der Anlage 
wird besprochen und ein Vergleich zwischen automatischen Messungen und dem manuellen Stan- 
dardverfahren angestellt. 
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The AMPEX CP-100 is a compact, extended-frequency 


instrumentation tape recorder/reproducer. Tape transport, motor drive 
amplifier, heads, power converter, controls and all-transistorized plug-in 
record/reproduce electronics are contained in a single 13%” x 19” x 33%” 
mobile case. The CP-100 operates on 28-volt DC, with 48 to 400 
cycle converters available for other power sources. Data is recorded by 
direct or FM carrier techniques on up to 14 analogue tracks. The 
CP-100 offers frequency response to 200 Kc at 60 ips or expanded 
recording time of 24 minutes for 100 Kc data at 30 ips on a 
standard 10%” reel. Transport tape speeds — 1%, 3%, 7’, 15, 30 and 
60 ips — and plug in frequency determining units and equalizers associated 
with tape speeds, may be quickly changed. The versatile and mobile 
CP-100 performs reliably over a temperature range of from —50°F to 
+160°F, up to an altitude of 10,000 feet, in relative humidities to 95%... 
and is designed to withstand shocks and vibrations encountered in rugged 
mobile testing applications. This recorder may also be rack mounted 
if desired. For complete details write Ampex Great Britain Limited, 
Arkwright Road, Reading, Berkshire, England. 
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POWER 
SERIES 


HERMETIC SUB-MINIATURE 
SERIES SERIES 


eLECTRo 
METHOD? 


Electrical 
HEAVY-DUTY t 0 n n C Hi 0 rs PRINTED CIRCUIT 


MINIATURE —— 
SERIES * Precision Mouldings 


* Gold-plated Contacts 


STACKABLE 
SERIES 


SUB-MINIATURE ROUND 
SERIES 


MINIATURE ROUND Illustrated technical data sent on request: 


ERIES 
Ss ELECTRO METHODS LTD., Electrical Connector Division, 


HITCHIN STREET, BIGGLESWADE, BEDS. : Phone: Biggleswade 2086 (3 lines) 
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are making 
under licence 


the famous 
AMERICAN 


INTERNATIONAL T.R. SERIES WHICH ARE 
ALREADY BEING USED IN VAST QUANTITIES 
IN AMERICA AND OTHER COUNTRIES 


1-E-R-C 
HEAT 
DISSIPATING 


VALVE SHIELDS 


International T.R. Series Shields reduce 


bare-bulb temperatures by 15% to 25% 


International T.R. Series Shields 
eliminate vibration 


International T.R. Series Shields fit 
standard sockets 


International 
T.R. Series 
shields are 
available in 
various sizes 


Full technical information 
is available on request 


Joint service numbers 
have been allocated 


ENGINEERING AND MANUFACTURING CO. LTD. 
Special Products Division 

23 Westminster Palace Gdns, Artillery Row, London, $.W.! 
Telephone : ABBEY 4651 
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AMPEX Computer tapes 
are premium quality magnetic 
tapes designed for digital recording 
and computer applications. They 
offer both long life and optimum 
performance, and are 100% checked 
for reliability and freedom from 
drop-out. Magnetic surfaces are 
exceptionally smooth and hard, 
providing cleaner operation with less 
oxide shed, offering reduced 
maintenance and greater reliability. 
These tapes are available in a 
number of configurations to meet 
the operating requirements of 
the various tape handlers including 
IBM. They are supplied on high- 
performance Ampex Precision Reels 
or on custom reels. For application 
information write to Ampex Great 
Britain Limited, Arkwright Road, 
Reading, Berkshire, England. /AMPEX | 


ELECTRONIC ENGINEERING 





EE 26 137 for further details 


d-«mac 


SAPHPI [ 


and data reduction equipment 


























Table top plotters with high 
powered A.C. servos and sound 
mechanical construction (also 
for wall-mounting) 


@ Plotting areas [Oin. « 18 in., 30in. x 
18 in., 30 in. x 30 in. [(25 x 45 cm., 
45 x 75 cm., 75 x 75 cm.) 
Sensitivity down to 10 mV/inch 
(0.35 mV/cm.) 
Speeds up to 20 in./sec. (50 cm/sec.) 


Repeatable accuracy better than 
0.2 per cent. 


Constant speed available X axis. 
Variable or switched sensitivity 
controls. 

Units with bali point pen or single 
symbol printer (interchangeable 
symbols). 

Vacuum paper-hold optional. 
Auxiliary units—Keyboards and 
punched card or punched tape 
input units. Also trace readers. 
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llied 


hemical 


products for the 
electronics industry 


B&A® “ELECTRONIC GRADE” CHEMICALS 


The world’s finest chemicals for electronics, the “Baker & 
Adamson” line is preferred by over 70% of the electronic equip- 
ment manufacturers in the U.S. A. 


e Available in small packages, ultra-high-purity chemicals with 
metallic and other undesirable impurities held to lower limits 
than ever before. For production of semi-conductors and other 


sensitive electronic devices. 


e Available in bulk, special chemicals with metallic and other 
undesirable impurities held to electronic grade standards. For 


radio and black and white television tube production. 


B&A® METAL FLUOBORATE PLATING SOLUTIONS 


High-purity fluoborate plating solutions in concentrated form 


for faster, better production of high-quality printed circuits. 


HARMON ® PIGMENT VINYL DISPERSIONS 

Vinyl dispersions pigmented with Harmon organic pigments 
for wire coatings exhibit excellent lightfastness, good electrical 
properties. They permit easy development of full colour strength, 


eliminate streaking. 


PLASKON® ALKYD MOULDING COMPOUNDS 

Thermosetting materials combining mouldability to precise 
dimensions with outstanding dielectric strength and resistance 
to arcing, heat, moisture and solvents. Allow more compact 


designs. 


SULFUR HEXAFLUORIDE and 

PERFLUOROPROPANE for GASEOUS INSULATION 
Non-flammable, non-toxic, chemically and physiologically inert 
dielectrics. Permit simplification and miniaturization of elec- 


tronic designs. 


For further information on all Allied Chemical products 
for the electronics industry, contact your Allied Chemical 
representative or write on your company letterhead to 
your nearest Allied Chemical International office. 
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Some of the world’s most advanced electronic products...are developed after a local Allied 
Chemical representative acquaints a manufacturer with Allied Chemical’s B&A® Electronic 


Grade chemicals, Plaskon® moulding compounds, Harmon® vinyl dispersions and Allied 


Chemical’s many other special products for the electronics industry...and offers him the as- 


sistance available from Allied Chemical whenever he has a problem. 


SOLE U.K. DISTRIBUTORS AND STOCKISTS f 
KINGSLEY AND KEITH (CHEMICALS) LTD. lied 
REX HOUSE, 38 KING WILLIAM STREET, E.C.4 Tel: MiNcing Lane 1101/6 le 


ALLIED CHEMICAL INTERNATIONAL hemical 
Executive Office: 40 RECTOR STREET, NEW YORK 6, N.Y. 
European Office: 19 AVENUE DES ARTS, BRUSSELS 4, BELGIUM 
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MEDIUM 
POWER 
DIODES 


HIGH 
POWER 
DIODES 








SILICON 


SPECIAL 
PRODUCTS 


PLEASE WRITE QUOTING 
THE S.R. NUMBER FOR 


FULL INFORMATION 





INTERNATIONAL RECTIFIER COMPANY 


(GREAT BRITAIN) LIMITED - OXTED - SURREY - Oxted 3215 





Associate company of International Rectifier Corporation U.S.A.and The Metal Industries Group, Great Britain. Gaa 
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The A.W.E. Analogue to Digital Converter, 
type A.D.C.1., by performing up to 55,000 
conversions a second, prevents bottlenecks 
caused by lack of speed—the main drawback in 
incorporating such converters in a system. An 
8-bit binary converter, the A.D.C.1. provides a 
reliable link between the two forms of signal. 

Transistors are used throughout the unit to 
ensure resistance to shock and vibration, and 
plug-in boards allow rapid and easy servicing. 
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THE A.W.E. ANALOGUE TO DIGITAL CONVERTER 


For fast 
acCCuralle — 
transSinission 


of data... 


* Extremely High Speed 

% Flexible and Reliable 

% Low Power Consumption 
%* Fully Transistorized 
Fic lel -mielmat-(oL mel eial are 
* Easy Servicing 


Specifications include provision for both serial and 
parallel digit outputs and for external sample and 
digit drive. The accuracy of the unit is + } the 
least significant digit + 0.25% over a tempera- 
ture range of 0-40 C. Units can be supplied to 
accept analogue inputs whose scale factors range 
from 0-6V to 0-60V. Total power consump- 
tion is only 11 watts from a nominal 230V 
supply. Overall dimensions of the unit are 19 ins. 
xX 10.§ ins. X I2 ins. 


ARMSTRONG WHITWORTH EQUIPMENT «tev: cioucester som: TELEX 4313 
SIR W.G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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SILICON POWER 


2N1479 | 2N1480 2n1487 | 2N1488 
Ref: SP 2N1481  -2N1482 2N1489 | 2N1490 


Collector-base voltage 60 100 60 100 


Collector-emitter 
voltage with base 40 40 55 
open 


Emitter-base voltage 12 10 


Collector current 


Transistor dissipation 
At case temp. 25°C 











At case temp. 100°C 


Write for Data Sheets 
quoting reference to: 


SHAFTESBURY HOUSE - SHAFTESBURY AVENUE - SOUTH HARROW - MIDDX - BYRON 9571 


A.T.4 


Ref: SM 


Collector-emitter voltage with 
emitter-base reverse b'ased 


Emitter-base voltage 


Collector current 


Transistor dissipation 
Free air Ta = 25°C 


Ta = 100°C 
Heat sink T. = 100°C 
Alpha cut-off frequency 


Typical power gain at 70 mcs 
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these 
EXTRA 


advantages 


The range of 
four valves 
offers a choice 
of heater 
voltage: 


COMPONENTS 


Group 
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Electrical equivalents 


These STC valves are loctal-based, indirectly-heated, beam- 


power amplifiers electrically similar to the U.S.A. type 807 


but with extra advantages. Little more than half the size of 


the 807 the electrode assemblies are more compact... 


stronger and more rigid .. . and the glass bulbs less vulner- 


able. Shorter grid and anode leads, and glass base with 


miniature-type pins reduce inter-electrode capacitance and 


improve performance at the higher frequencies. Thus, both 


mechanically and electrically, they offer a high standard of 


reliability, which, together with their small size, makes 


them particularly suitable for use in mobile equipment. 




















5B/254M 
double-ended 


58/255M 
single-ended 


5B/257M 
single-ended 


5B8/258M 
double-ended 


Where the overall seated height 
must be kept as low as possible, the 
single-ended type 5B/255M may be 





63V 





63V 


12V 


19V 


used, but under conditions of high 
altitude or anode modulation the 
double-ended type 5B/254M is to 








0-9A 





047A 


03A 





be preferred because of insulation 
considerations at the valve base. 





A fying lead version is available 
un 
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er the code 5B/254G. 


Srondard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 


VALVE DIVISION: 


FOOTSCRAY 


SIDCUP + KENT 


ELECTRONIC ENGINEERING 
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ELECTRONIC ENGINEERING 


RESSINGS 


Anti Corona Tags, Battery Plugs and 
Sockets, Cavity Cap Connectors, Co-Axial 
Plugs and-Sockets, Contacts, Fuseholders, 
Group Boards, Lampholders, Metal 
Stampings, Phono Plugs and Sockets, 
Plugs, Printed Circuit Connectors, 
Sockets, Solder Tags, Speaker Connectors, 
Switched Phono Sockets, Tag Strips, 
Terminal Assemblies, Transformer Panels, 
Valve Pins, Valveholders and Cathode 
Ray Tubeholders, Vibrator Sockets and 


Retainers, Voltage Selectors 


ARIEL PRESSINGS LTD., 


WOLLATON ROAD, 
BEESTON, NOTTINGHAM 


OCTOBER 


1960 
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for the new-look work wear with the low-cost qualities 


New and smarter styles for women and something completely new for men in opaque fabrics made from the new 


matt yarns. This is the news of the season in BRFNYLON work wear. BRINYLON overalls not only save money on a direct 
cost-for-life basis, but also reduce running costs, simplify laundering, increase efficiency and raise morale all round. 
BATHYLON is highly resistant to wear, tear, moisture, shrinkage, rot, flame, chemicals and insects. Please present your 


work wear problems to: British Nylon Spinners Limited, Marketing Department, 68 Knightsbridge, London, S.W.1. 


He Registered Trade Mark of British Nylon Spinners Limited. BRI-NYLON FOR THE BEST IN NYLON 
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Why struggle with Mains Voltage Fluctuation ? 


If you have any problem involving a.c. 
voltage regulation, the solution is to call 

in ‘Advance’—the Constant Voltage 
Transformer specialists. Investigation of 
your problem may prove that a standard 
type ‘Volstat’ will meet the case or, maybe, 
a special design is called for. In either 
event, the wealth of experience gained by 
‘Advance’ over many years in probing every 
aspect of mains stabilization provides the 
surest, quickest, and certainly the most 
economical solution to your difficulties. 


VOLSTAT 


CONSTANT VOLTAGE TRANSFORMERS) 


‘VOLTAGE STABILIZATION’ 


This ‘Advance’ Booklet gives authoritative 

information on ‘Advance’ Constant Voltage 

Transformers, and the service available to deal To ADVANCE COMPONENTS LIMITED 

with your particular voltage fluctuation ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. 


problems. Send for a copy. Please send me a copy of your booklet 


POST THIS COUPON TODAY “Voltage Stabilization” by ‘Advance’ 


STAND NO. 
B2025/6/D 


_g aP eRe Bera 
POSITION 
COMPANY 


Advance COMPONENTS LIMITED ADDRESS 


| MAINS STABILIZATION DIVISION [es 


ROEBUCK ROAD * HAINAULT « ILFORD « ESSEX * TELEPHONE: HAINAULT +4 @ @ @ © @© @ @ O 
IT/GD84 
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the fourth dimension—reliability... 


BRIMISTORS ; ;' Pe ; nee 
CAPACITORS The fourth dimension, time —invisible and intangible, 


CONTACT COOLED RECTIFIERS ; - p 

FERRITES but in the case of STC components, definable in terms of 
GERMANIUM DIODES 

GERMANIUM PHOTOCELLS ; et ; ; 
HERMETIC SEALS sustained, faultless performance —is a very definite factor 
HIGH STABILITY RESISTORS : : P : 

MAGNETIC MATERIALS incorporated in their design and manufacture. 

QUARTZ CRYSTALS 

nn ot VALVES Such dependability is very necessary in view of the vital 
SPECIAL VALVES 
SELENIUM RECTIFIERS 
SILICON RECTIFIERS ; eae ante 
SILISTORS equipment for communications, navigation and 
SUPPRESSORS 

TRANSISTORS ‘ ‘ 4 a . 

THERMISTORS remote control; and it is the reason why STC components 
TRANSFORMERS P = , 
ZENER DIODES are trusted implicitly by manufacturers of electronic 


functions that STC components have to perform—in 


equipment all over the world. 


Get to know the range of STC Components — write for booklet M/103 
which lists all components and their relevant technical literature. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
COMPONENTS GROUP ‘ FOOTSCRAY . SIDCUP KENT 
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FOR 


SUPPLIES 
LIKE 
THIS 





ad SP compeng: tid 


VICTORIA ROAD 


ELECTRONIC ENGINEERING 


SURBITON - SURREY 
tel: ELMbridge 9118 


* 
* 
* 


* 


TSS 300 Series 


ZERO TO 24V PRESET, UP TO | AMP 
CAPACITY. 


BETTER THAN 1000:! STABILITY FOR 
+7% MAINS SUPPLY VARIATION. 


LESS THAN 0-0! OHM SOURCE RESIST- 
ANCE: LESS THAN ImV RIPPLE AND 
NOISE. 


OVERALL DIMENSIONS LESS THAN FIVE- 
INCH CUBE. 


Stable and trouble free even in the presence 
of transients, these new Belix power supplies 
are designed around a double silicon diode 
reference system which ensures a high 
control efficiency. TSS 300 units can be 
supplied preset for any voltage up to 24V; 
construction is to stringent specifications and 
all components operate well within manu- 
facturers recommended ratings. 


WRITE NOW- 


for full details of the Belix 
TSS 300 and information on 
other bench and sub-units 
currently available. 


OCTOBER 1960 














Radio Frequency Laboratories Inc. 
Boonton, New Jersey, U.S.A. 


Model 1890 
Gaussmeter 


In the field of instrumentation, Livingston Laboratories offer 
a unique service in the form of expert advice in the choosing 
of test equipment to meet your needs. 

The relevant factors are not who makes it or where it is made, 
but will it do the job? At Retcar Street you can discuss the 
technical problems of instrumentation and the new techniques 
developed both in this country and abroad. If it is impossible 
to call—write or telephone about your particular problem or 
requirement and our representatives will supply you with full 


information. 
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INSTRUMENTS FROM A SELECTION OF 
THE WORLD’S BEST MANUFACTURERS 


IN BOTH GREAT BRITAIN AND OVERSEAS 


A stable, transistorised instrument for direct 
reading of magnetic flux density from 0°! gauss to 
20 kilogauss over 14 ranges. Supplied with two 
probes: a flat probe -025” thick and a -310” diameter 
axial probe. Two built-in reference magnets plus a 
“zero gauss” chamber (to enable operator to com- 
pletely balance out stray magnetic fields) are 
supplied. Outputs provided for operation of 
recorder, oscilloscope, or external meter. Large, 
parallax corrected meter supplied with unit 
adjusts to four angles for ease of reading. Operates 
with either plug-in AC or battery power supply. 


Some of the manufacturers outside Great Britain whom we represent and 
for whose products we offer full service facilities: 


BALLANTINE LABORATORIES e BIRD ELECTRONIC 
CORP. e BOONTON RADIO CORP. ¢ BRUSH INSTRU- 
MENTS e DYMEC INC. e E.H. RESEARCH LABORATORIES 
INC. e ELECTRO SCIENTIFIC INDUSTRIES INC. e 
EMPIRE DEVICES PROD. CORP. e JOHN FLUKE MANU- 
FACTURING e GERTSCH PROD. INC. e HEWLETT- 
PACKARD CO. e KAY ELECTRIC CO. e KEITHLEY INSTRU- 
MENTS INC. e ARTHUR KLEMT e MAGNETIC A.B. oe 
F. L. MOSELEY CO. e RADIO FREQUENCY LABORA- 
TORIES INC. e RADIOMETER e S.1.D.E.R. e TEKTRONIX 
INC. e TELECHROME MANUFACTURING CORP. e 
VARIAN ASSOCIATES (Microwave Tube Division). 


LIVINGSTON LABORATORIES LIMITED 


RETCAR STREET - LONDON .- N.1I9 


Telephone: ARChway 6251 
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Avel Toroids... 


for semi conductor circuits 








The use of AVEL TOROIDS gives 


3! =a es | higher efficiency in DC-DC Converters. 
rs | 9K. | Sy Wide bandwidth and HCR alloy core 
a oe ensures fast switching (approx. 3 micro- 


~ secs.) with negligible overshoot yielding 
COMMON BASE COMMON E = COMMON COLLECTOR 


Bridge circuits, oer 3 doubler circuits, tripler and full-wave circuits 
can be used in the H/T. secondary. 


efficiencies of 75-92%, overall. 





Watts 
TYPE POWER ee Power Cc 


T/3BS/300/2T as 2-5 ; ee Rating 
T/5B6/300/2T ae 5-15 i perce 
T/SAC6/300/2T ... 15-45 at a 
7/3B12/300/2T —.... 2-5 _ BNew SAEED. de it 
T/5B12/300/2T _—... 5-15 — | 2h 
T/SAC12/300/2T ... 15-45 wr 
T/25C12/300/2T ... 45-75 vm ae} oy De 
T/3B24/300/2T _—.... 2-5 PL, i | 2 
T/5B24/300/2T _—... 5-15 i =e ——| 
T/5AC24/300/2T ... 15-45 GASB FE 75-120 | It 23 
T/25C24/300/2T ... 45-75 1 | 

T/6AD24/300/2T ... 75-120 | 120-150 | 14 23 
T/26D24/300/2T ... 120-150 












































Built in aluminium castings, with fibre- 
DC - DC converters glass insulation, silicon rectifiers and 
tropical rating components throughout, 
de Senailes these converters achieve peak 
2} x24" x3}’ mm . performance at modest cost by good 


* More efficient os design—and are available on short 
84%, at 30W ‘1 Ae 


* Less noise 
* Less ripple 
* Better made 


delivery in skeleton form (left) or in 
screening cases with complete protection 
for use as replacements for generators 
and vibrator packs. Standard types give 
300 volts DC output with taps for 250 


and 200 volts. 





5ACI2 212 | 3B24 5AC24 | 25C24 





Input, Volts ... | | oie 4 | 24 «| «(24 
Max. Watts ... | | | | 4s | | 45 | 75 














EN | | ee kalantadeioetensians 
List Price... | £10 8s. | £10 14s. | £11 16s. | £10 8s. | £10 14s. | £i1 16s. . - | £12 Bs. | £12 14s, 




















Manufacturers Terms on Application 
TOROID DIVISION 
Aweley Electric Limited 


SOUTH OCKENDON, ESSEX ELEY FSS 
Telephone: South Ockendon 3444 
Telex: 24120 Avel Ockendon 


/ 





ELECTRONIC ENGINEERING OCTOBER 1960 





EE 26 150 for further details 


E iL XX QUALITY COMPONENTS 
AT COMPETITIVE PRICES 


Eightar Connector B8H Cat. No. VH 68/81 


Eightar Connector with component mounting tags and four $” sockets 


These Clix Eightar Connectors have been designed 
specially for the new 110° CRT’s. They cut down the 
overall depth of the tube assembly and make even slimmer 
cabinets possible. For example, No. VH 78/81, designed to 
be wired from the tube side entry, is less than 4 in. deep 
including contacts. If you’d like samples of all or any of 


AEL € 


C\LIDX EIGHTAR 
CONNECTORS 
FOR 

110° CRT’s 


them, just say the word. Say the word, too, if you'd like 
samples of any particular type of Clix valve holder, polytag 
or similar component. Increased production facilities and 
improved manufacturing techniques let us offer Clix quality 
at a price that will help you to get your own product prices 
down to a fighting figure. 


Ll X ELECTRONIC COMPONENTS 


Associated Electrical Industries Limited - Radio & Electronic Components Division - 155 Charing Cross Road - London WC2 - Tel: GERrard 8660 
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Here Is 
the answer 
to your 
filter 
___g problem 


i 
. 
j 
! 


No matter how complex or difficult your filter 
problem, we can solve it. 


Our specialist design team is constantly engaged 
in solving difficult filter problems and developing 
new circuits employing the latest crystal and 
L.C. techniques. 


If you have a filter problem, just write to the 
address below. A wealth of experience will be at 
your disposal to provide the answer. 





The typical response curve shown illustrates the 
exceptional performance of the Carrier-pass filter 
type YL3544, one of a range of 100 kc/s filters 
primarily intended for single sideband applications. 
This filter is remarkably compact for its outstanding 
performance, being only nine inches long. 


RE 2 
MULLARD EQUIPMENT LIMITED 
PEO TR  E 


Mullard House - Torrington Place - London WC1 
Telephone: LANgham 6633 











ATT (db) 


























@ ME 644 
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*ELECTRo - a 
METHODS 


SS 
uiinen LTD (0050 


A FULL RANGE OF A-C:& D.C 


SOLENOIDS 


PROMPT DELIVERY 
ELECTRO METHODS LTD., General Products 
Telephone: Stevenage 2110-7 


Illustrated technical data sent on request 


Division, CAXTON WAY, STEVENAGE HERTS. 
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@ 2-pole Open Style 
Relay with two 
change-over coil 
circuit contacts. 


DONOVAN 





A.C. POWER RELAYS 
WITH 2, 4, OR § POLES 


Any pole can be supplied ‘‘Normally-open”’ 


or ‘‘Normally-closed’’, double-break main @ &pole Open Style Relay with 
one change-over coil circuit 
contact. 


contacts rated at 10 amps. 550-volts max- 
imum. One or two auxiliary change-over 
contacts can be added in addition to main 
poles. Tractive coils available—6 to 550- 
volts A.C. 


The relay, when open style, is supplied with 





back fixing plate suitable for mounting on 


insulation or steel panels, or in metal cases. @ 4pole Enclosed Relay 





| 


THE DONOVAN ELECTRICAL CO. LTD. 
78-82 GRANVILLE STREET - BIRMINGHAM | 


LONDON DEPOT: 149-151 YORK WAY, N.7 GLASGOW DEPOT: 22 PITT STREET, C.2 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW 
BELFAST, BOURNEMOUTH 
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UNITIZED NUCLEONIC RANGE 


The plan behind this Type 200 equipment is to offer you a Unitized 
Range (already 24 units and still increasing) not only to cover every 
type of nucleonic counting, but one that can be added to at will, so that 
you get only what you want, when you want. 

@ Suitable for all types of nucleonic detectors. 

@ Built to a stringent specification. 

® Designed in conjunction with A.E.R.E. Harwell. 


@ Flexible in use—a unit for every purpose. 


Enquiries should be addressed to:— 


INSTRUMENT DIVISION ERIC S S ON 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
OCTOBER 1960 151 ELECTRONIC ENGINEERING 
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GRESHAM 
LION 


ELECTRONICS 
LTD 





Lion Electronic Developments Ltd and Gresham Develop- 
ments Ltd are both established names representing teams 
of specialists working in close collaboration. The services 
offered by each are now combined in GRESHAM LION 
ELECTRONICS LTD to provide a comprehensive 
development, design and manufacturing service. The 
skilled engineers, designers and technicians of GRESHAM 
LION ELECTRONICS LTD are experienced in the 
complete fabrication of equipment ranging from the 
smallest transistorised units to immense electronic 
installations weighing many tons. Computers, magnetic 
recording heads and equipment, matrix core stores, 
punched paper tape and punched card units, electric 
typewriter read-out equipment; batch assembly and 
production work, and resin encapsulation by the 
Leocast process—all these are within the experience of 


GRESHAM LION ELECTRONICS LTD. 





HANWORTH TRADING ESTATE 


ELECTRONIC ENGINEERING 


FELTHAM MIDDLESEX 
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GRESHAM 
MAGNETIC 
RECORDING 
HEADS 





The Gresham range of recording heads is designed 
and manufactured for sound reproduction or for 
instrumentation with either tape or drum. Normally 
they provide 4, 8 or 16 tracks on 3”, }” or 1” tape 
respectively, and under suitable conditions up to 20 
tracks may be accommodated on 1” tape. The two 
heads shown above function as a pair on interlaced tracks 


to reduce cross-talk to an absolute minimum. 





RESIN ENCAPSULATION BY THE 
LEOCAST PROCESS 


The Leocast Division of Gresham Lion Electronics Ltd. 
has a long history of success in the creation of mechanical 
and electrical mouldings. LEOCASTING often 
provides the only practical solution to problems of 
durability, physical and electrical strength, lightness of 
weight or climatic protection. Miniaturised units in 


general and G.W. equipment in particular are made 
possible through the advantages of the LEOCAST 
technique. 





TELEPHONE FELtham 666! (5 Lines) 
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TERMINAL 


BOARDS 


LUGS 


CHASSIS 
FURNISHINGS 


MOULDED 
— i — i, E-18 1 wg e)  t- 


Fete me be mpeet:bekwaner | 


vith Harwin and be sur 


rl A R w iN 


SERVICE <sastoca aoe 


HARWIN ENGINEERS LTD F&F 
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SMALL DIMENSIONS - LARGE DISSIPATION - LOW SLOPE IMPEDANCE 


5°35-15 VOLTS - 400 mW @ 25°C - 80mWe 125°C 


NEW FROM TEXAS—The 187000 Series—to replace neons and standard 
cells in a wide variety of voltage reference circuits. They allow designers 
maximum flexibility in circuit design of equipment for stable, reliable operation 
at elevated temperatures. SMALL SIZE, standardised hard-glass hermetically- 
sealed case, plus a high degree of reliability make these devices particularly 
suitable for introduction into AUTOMATIC assembly lines. 187000 Series 
Zener Diodes are available in two ranges (5% and 10% tolerance ratings), meet 
CV specifications and may be ordered in PRODUCTION QUANTITIES— NOW. 


back i 
ACTUAL SIZE _ & 1080 = 
1 C 
m 
v i ot 
z — 





+ + + +H otee — 
} aa 


SLOPE IMPEDANCE 
Ss 
44 Li " 


+444 ii) 


=o 1 te ete 


— 
°o 


ener. 
$+ 


——> Lip - 


+ 
+ 





BREAKDOWN VOLTAGE at 5 mA (V;) 
REVERSE CHARACTERISTIC TYPICAL SLOPE IMPEDANCE 


Write for Data Sheets and Application Information on these and other TEXAS devices. 


TEXAS J 45, INSTRUMENTS 


MitfTteEoD 
gh DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 68051 CABLES: TEXINLIM: BEDFORD ¢,, 


9I/A3 
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W ith a ae Cuts wiring time by 52%. 
a ae 


i Combines high-speed fixing 
with simplicity and complete 
security. 


BP brings a new versatility, 


compactness and neatness 
to your wiring. 


advantages 


d q Completely insulated and 
in electronics 


suitable for all climates. 


and all ahataled oe Electrical and mechanical 
small wiring security in all conditions. 


The Cradileclip System has been 

¥% Proved in wiring instal- 
lations throughout the 
world. 


% Wiring modifications are 
quickly and easily carried 
out. 


The Miniature Cradleclip system revolutionises small wiring 
installation. 

Designed specially for Electronics and all very small wiring witn 
the object of considerably reducing wiring time, and is absolutely 
foolproof in application and completely safe and permanent in 
operation even in extreme climatic conditions. 

Miniature CradJeciip will accommo date up to either three },” cables, 
or 20 runs of 4,” DIA. covered wire, and has all the “ one two and 
it’s done ”’ slickness of its big brother, the now firmly established 
CRADLECLIP system from which it has been developed. 





cradleclip 


Twice as good . . . twice as quick when you wire with CRADLECLIP 
Send for fully descriptive literature on the Insuloid Miniature Cradileclip 
Wiring System now. 
INSULOID MANUFACTURING CO. LTD. 
Sharston Works, Leestone Road, Wythenshawe, Manchester. 
Tel: WYT. 2842 & 3163 
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combines the advantages 
of glk reinforcement with 
PLASTICISED PVE Onley cover 


TT 


affording in high temperature processing or application 
INCREASED THROUGHPUT, INCREASED RELI- 
ABILITY. 

Viscose silk reinforcement ensures flexibility in use, eliminates 
shrinkage risk in baking.  Plasticised coating provides 
increased density, increases insulation value giving improved 
resistance to impregnation varnishes, etc., reducing 
possibility of mechanical breakdown during processing. 
Fully tropical, suitable for continuous operating tem- 
peratures up to 105°C. 

Manufactured to Type |,/Class 105T/BS2848/57 


Electrical 
Properties 
Insulation:- not less than 
1000 megohms 
Breakdown Voltage :- 
3000 volts 


when tested in accordance 
with BS2848 


Availability 


Delivery:- Immediate 


Write for test sample 


PERMANOID 


LIMITED 
New Islington, Manchester 4 
Telephone: COLyhurst 1371 teins, White 
Bore dia:- 0.5 mm to § mm 
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... but that’s not all 


This is the smallest ‘spindle operated’ moulded 

carbon track potentiometer in production. Although it 
measures only 4” diameter it is rated at }W and 

the range of values is from 1KQ to 2.5 MQ. 

These factors will commend the Type L to all those 
Design Engineers who strive for greater miniaturisation 
in electronic equipment. 

Further constructional details and parameters are 
contained in Plessey Publication No. 313. 

Please request a copy. 


type L potentiometer 


by | Plessey 


THE PLESSEY COMPANY LIMITED 


CAPACITORS & RESISTORS DIVISION + SWINDON GROUP 

Kembrey Street - Swindon - Wiltshire 

Tel: Swindon 6211 - Telex: 44-355 - Telegrams: Plessey Telex Swindon 
Overseas Sales Organisation 

PLESSEY INTERNATIONAL LIMITED - Overseas Telegrams: Plessinter Telex Ilford 

Head Office: ford - Essex - England 

Tel: Ilford 3040 « Telex: 23166 Plessey Ilford - Telegrams: Plessey Telex Ilford 
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Lets’ be PERFECTLY GLEAR... 


CLEAR VISION 
demands 
POSITIVE ACTION 


provides spot-on tuning in its most compact and 


convenient form. Shaped to the cone of a tube, Channels Gain Noise 1.F.Rej. Image Rej. S.W.R. 
it occupies space which is virtually unusable by any 








Band 51dB 4.5 dB Greater Greater 2.3:1 Max. 


other component. It offers a choice of any 4 of qegn camp Gan dante 


13 channels, in any order, with the fine tuner for 


, Band Il 51dB full F.M. Band 
each button available from the front of the set. (FM) eeu. - 


Every feature of the Cyldon Press Button Tuner 
Band Ill 49dB 6.5dB Greater Greater 2.0:1 Max. 
has been designed to ensure that under operating average average than 40dB than 70dB 


H 











conditions accurate re-set is obtained, coupled with 





long life, stability and low thermal drift. 


Full details 
supplied on 


@ Supplied complete, pre-aligned and ready for installation in the receiver. abun: 


@ Absolute stability. @ High gain. Low noise. FP 
4 





@ TV and TV F.M. versions available NOW. 
i) 


4 


SYDNEY S. BIRD & SONS, LTD. °°°!: : Dorset 
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FOR 
THE 
GLYDON 
TUNER 
THEY 
USE 


TRADE MARK 


TRADE MARK 


* Trade Mark of 
AMP incorporated, U.S.A. 
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Design features of this connector 
provide a positive wiping contact with 
high frictional retention. 


AMP edge connectors can be easily 
applied in any arrangement to any 


iS the cost of section of the perimeter of the 


printed circuit. 


8 AMP edge connectors AMP edge connectors are applied by 
automatic machine at speed in excess 


‘including crimping to of 2.000 per hour, 
wire by automatic Low installed cost. 
machine — to fit ici Siheat petal 
‘CLYDON TUNER’ 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 
Head Office: Dept.14 , AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.|I. 

Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX. 

Works: Scottish Industriai Estate, Port Glasgow, Scotland 


SOUTH APRICA: DISTRIBUTOR: E. S$. MOWAT & SONS (PTY) LTD. 51-57, MILNE STREET, F.0. BOX 497, OURBAN, NATAL, SOUTH AFRICA 
AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS: (AUSTRALIA) PTY. LTD. BOX 78 7.0. AUBURN, W.5.W AUSTRALIA 
DISTRIBUTOR: GREENDALE ENGINEERING AND CABLES PTY. LTO. 43-51 NELSON STREET, ANNANDALE, N.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN: U.S.A. CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, PUERTO RICO AND MEXICO 
AP 149 
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VACUUM CAST 
\ Ot OT ad at 9 a 


ICI vacuum melted and cast copper is now available in commercial Availability 
quantities for high vacuum electronic and electrical equipment, STRIP 
~ , —up to 8 in. wide, standard range of length 
such as valves, magnetrons, klystrons. Bis aan 
NOTE THESE POINTS: SHEET 
... Volatile impurities lower than in O.F.H.C. copper —up to # in. thick, standard range of length 
' F and width 
.+.»gas content no more than 1/§ or 1/10 that of O.F.H.C. copper elias 
... electrical conductivity 101-102% I.A.C.S. —up to ‘ in. dia. round, 3 in. square or 
... mechanical properties and hardness equal to O.F.H.C. copper 3 in. hexagon 


Full details from your nearest ICI Sales Office 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1. 


METALS 
ams DIVISION 
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the ‘Professional’ tape 


for the professional user 










































Magnetic Recording Tape offering the highest 
technical standards. First choice of leading 






recording, broadcasting and television organisa- 






tions and widely used in science and industry. 








VIDEO 
Emitape for Video recording now being 
supplied to BBC and ITA. 







EMIFILM 

Sprocketed magnetic recording film designed for all 
applications where absolute synchonisation is required. 
16, 17.5 and 35 mm. Single or double perforation. 


EMITAPE INSTRUMENTATION TAPE 
Produced to the most exacting specifications and 








available in various standard widths. Electrostatic 
filtration down to a particle size of .00001 mms. ensures 
manufacture under cleanest possible conditions. 


EM! SALES & SERVICE LTD. (Recording Materials Division) Hayes + Middiesex - SOUthali 2468 


es aoe 
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RCA photomultiplier tubes are capable of operating with extremely low noise output 
and low dark current, together with electrical stability and mechanical sturdiness. 
Included in the range now available are types with very fast time resolution. 

If you have an application for photomultiplier tubes in the fields of nuclear radiation 
instrumentation, astrophysics or low-level light detection consult the range that RCA 
can offer. 


For technical data write to: 


RCA GREAT BRITAIN LIMITED 


(An Associate Company of Radio Corporation of America) 


LINCOLN WAY, SUNBURY-ON-THAMES, MIDDLESEX. Sunbury-on-Thames 31/0! 
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Maximum Working Size 


Capacitance Voltage (Diameter) (Length) 
MFD 


Size 


50 6 4" 5/4” 
40 6 She” of" 
12 3 Ye" 


2 6 Tho” 
WELDED WIRE TERMINATIONS—Patent applied tor 
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THE <ARNE> MILLIVOLTMETER 


has outstanding features 
300:V TO 100V IN 8 RANGES @ 


FREQUENCY RANGE 20c/s— @ 
10Mc/s 


ACCURACY +3°; OFACTUAL @© 
READING 





IMMEDIATE DELIVERY 
Wher 


ELECTRONIC ENGINEERING 


MILLIVOLTMETER TYPE 264 is intended to 
measure alternating voltages from 300 microvolts to 
100 volts in the frequency range 20 c/s to 10 Mc/s. 
It consists essentially of a negative feed-back wide- 
band amplifier terminated in a rectifier circuit and 
indicating meter. The input is taken either to a 
high-impedance low-capacity probe or to a 75 ohm 
input socket on the front panel which allows a 
direct connection to be made to the amplifier when 
required. As a low-impedance output from the 
amplifier is also available on the front panel, the 
instrument may be used as a wide-band amplifier; 
the gain then being adjusted by means of the meter 
multiplier switch. 


Ges 
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MATCHING MINIATURE INSTRUMENTS 


for switchboard designers 


All ‘ENGLIsH ELECTRIC’ miniature moving iron and moving coil 
instruments to B.S. 89-1954 can be supplied in the following nominal 
size cases: 24 in. and 34 in. Round Flush; 2 in., 24 in. and 34 in. ee 


Square Flush; 3 in. x 4 in. and 5 in. x 6 in. Rectangular Flush. Bold 
open scales give easy, accurate routine readings. 


For utmost reliability all ‘ENGLISH ELECTRIC’ miniature 
instruments have been designed with a higher-than-normal 
torque weight ratio in combination with lower power 
consumption and have been successfully subjected to: 


Publications on request to 


RESISTANCE TO IMPACT SHOCK TEST of 200g in any plane 
VIBRATION FATIGUE TEST —two million cycles at peak resonant frequency 
OSCILLATORY TEST — up to one million operations 


The English Electric Company Limited, 
Instrument Department, 


Stafford 
These non-breathing phenolic moulded cases can be fully sealed to 
protect the movements from acid-laden atmospheres and comply with 
specification B.S.2011.H3. 


ENG LI SII I: L ) CTRI } instruments 


Tue ENGLISH ELECTRIC Company Limitep, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2. 


WORKS: STAFFORD - PRESTON: RUGBY - BRADFORD: LIVERPOOL - ACCRINGTON 
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Sound proposition tor AMMONIA 

















In their factories at Blackburn, Mitcham, Southampton and 
Waddon, Mullard Ltd. use |.C.!. ammonia and I.C.I. gas generating 
plant in the production of thermionic valves and semiconductors. 

In the automatic forming and coating machine, for example, 
radio-valve heaters are made to glow at high temperature 

in an atmosphere of hydrogen and nitrogen produced 

from 1.C.1. ammonia. 


1.C.1. ammonia is the source of hydrogen and nitrogen for many 
other applications in the radio and television industry. 


1.6.1. ANHYDROUS AMMONIA 1.6.1. LIQUEFIED AMMONIA 


with a guaranteed minimum purity (industrial quality) is a cheaper grade, 
of 99.98%, is supplied as liquid in which normally contains at least 99.8% 
bulk, in two-ton containers, and in of ammonia. It is supplied in bulk 
cylinders. and in two-ton containers. 


A bulk delivery of ten tons of ammonia provides more than 
1 million cu. ft. of cracker gas 
or 13 million cu. ft. of nitrogen. 





Full information on request 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON S.W.1 


BL.IS . 
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adjustable up to 


41 oO 
21224 
high Q Ferramic* T 
POT CORES 


The immense research, development and manufacturing resources behind 
the Plessey Chemical and Metallurgical Division are freely available to users 
of all types of ferrite, dielectric and piezoelectric ceramic and semiconductor 
products; tantalum and other specialised capacitors. The Division's 
resources are backed by the accumulated ‘know-how’ of the entire Plessey 
Group of Companies and their associates. 


«' Ferramic' is a registered trade mark 


Typical of the Division's leading position is this new range of Plessey pot 
cores, of 14, 18, 22 and 26 mm. diameter which offer a choice of four effective 
permeabilities in each size. The frequency range of the ferrites available 
covers 1 kc/s to 2 Mc/s. Adequate inductance variation with a fine setting 
accuracy is achieved by a non-projecting screwed adjustment system. 
Precision grinding ensures close tolerances in design parameters and the 
high initial permeabilities result in excellent Q factors (e.g. Q 1000 using a 
26 mm. diameter core in T11) and high stability. The winding areas of the low- 
loss nylon bobbins are generous. 


For the 14 and 18 mm. diameter cores, very compact “ bayonet fitting” metal 
containers with printed circuit mounting tag boards (and alternative * chassis- 
mounting " fixing holes) are available which are easy and rapid to assemble. 
The combination of the higher permeability, and a more compact assembly 
without loss of stability means a really remarkable saving in volume. 


These and other outstanding features will help you to solve design problems, 
particularly from the stability of performance and space aspects, so contact 
the specialist team of Plessey liaison engineers today and ask for further 
details about FERRAMIC T. 


A Components Group - CHEMICAL & METALLURGICAL DIVISION 
Plessey The Plessey Company Limited 


Wood Burcote Way - Towcester - Northants - Tel: Towcester 312/4 
Overseas Sales Organisation: Piessey International Limited - Hford - Essex - Tel: Ilford 3040 
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| Mar DC 
| Relay | Coil resist we ye | Corl Loading ee Contact 
| | ance oltag ating 
i } re ‘ i 
r + + T 
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| 
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+ t + t | 
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MAGNETIC DEVICES LTD 
EXNING ROAD NEWMARKET ENGLAND Tel: Newmarket 3181-5 Gtams: Magnetic Newmarket 
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for systems engineers MESmaa ais: 


When designing control systems for 
completely reliable operation experienced 
engineers have absolute confidence in 
approaching Magnetic Devices Limited 


for Relays. 
AID & ARB APPROVED 
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o 
Max. O.C 
Relay | Coil resist- core bad Coil Loading ~ Contact 
pre oltage ating 
336 7,250 85 | watt 2 amps 
315 2,500 48 1.25 watts 10 amps. 
320 440 S VA 10 amps. 
325 | ~/9.200 250 | 2S watts | at 30v. D.C. 
a4. 
| Max DC 
| M. 
Relay TCoil resist puesta Corl Loading "Gales 
| ance 
| 
285 12,500 250 3.6 watts 6 amps. 
(max.) 
2400 14,000 240 | 6 16-4 watts 5 amps. 
80 milliwatts 
305 40,000 250 on A teaaas 8 amps 


















































Max OC 
Lal 
Relay | Corl ressst- vaions Coil Loading yy 
ance 
100 6,000 440 3-6 VA —pom 
105 |. 10,800 250 | 1.5-3 watts oe 
$1 7,500 440 5-66 VA Sa 
156 9,800 250 | 2.6-3 3 watts inns 
Independent 
S96HS 1,400 24 of controlling 5S amps. 
supply 
——" x 











prototypes PRIORITY is given to all prototype samples to enable engineers to proceed with their designs with tim 


minimum of delay. 


MAGNETIC DEVICES LTD 
EXNING ROAD NEWMARKET ENGLAND Tel: Newmarket 3181-5 Grams: Magnetic Newmarket 
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for systems engineers MELO 


When designing control systems for 
completely reliable operation experienced 
engineers have absolute confidence in 
approaching Magnetic Devices Limited 


for Relays. 
AID & ARB APPROVED 











Products, 
Powers 
and 
Resolutions 


Two new Solartron analogue computer 
modules now permit high-accuracy multiplication and 
immediate sine or cosine generation. They are— 


Servo Multiplier TJ 725 
and Servo Resolver TJ 961 


Fully transistorised with built-in supplies; 
19-inch rack mounting if desired 





Will multiply up to five variables by one other 
or produce up to sixth power 


High-speed operation, up to 10 c/s with— 


better than 1% full output accuracy 
less than 1° phase shift 
and less than 30 mSec rise time 


Linear pot sections accurate to better than 0.1% 
Sin and cos pot sections of 1% conformity on TJ 961 


Tapped pots and removable programme board for 
special function generation 


Special requirements can be met on request 


Write now for full details to : 


THE SOLARTRON ELECTRONIC GROUP LIMITED 


Victoria Road, Farnborough, Hampshire 
Telephone: Farnborough (Hants.) 3000 
¥ A member of the Firth Cleveland Group 
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NOW THE GOSSOR 1076 


Acknowledged by Industry as Britain’s most advanced 
OSCILLOSCOPE 9=[—qgiisaniiiisss 


This is a most versatile engineering and indeed all 
Here DC oscilloscope with practically industry. Twenty-four calibrated 
every conceivable facility—by time base ranges are provided, 
and means of a comprehensive voltage and time calibration 
to range of plug-in units, the permitting accurate 
Now instrument covers the entire measurement of waveforms, 
field of oscillography in all which can also be recorded 
60 ivi g its applications to nucleonics, by camera. Advanced 
Cc Ss @ communications, semi- technique of filtered forced 
—_— conductor research, servo ventilation provides silent 
control, mechanical air conditioning. 





Rise time: 


6 to 7 MILLIMIGROSECONDS 


and it’s by 


Send for full technical 
information and specifications 
Brief descriptive list on 
Britain's biggest range of 
oscilloscopes available 


Cossor Instruments Limited 
Cossor House, Highbury Grove, London, 4.9 Telephone CANonbury 1234 
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Denman Products Ltd. won the 
1960 ‘Alkathene’ 
design trophy 















Take your injection moulding to Denman Products 
Ltd., and you call in not only a moulder but a mould 
maker, Denman Tools Ltd. That means you get the 
whole job, from pencil sketch to successful product, 
all done under one roof. These brushes, made from 
‘Alkathene’ I.C.I. polythene, won the 1960 
‘Alkathene’ Design Trophy and show just what good 
design and production can mean. Write to or tele- 
phone Denman Products Ltd. now. 






Moulders and 
mould makers under one roof 









ats “Alkathene’ is the registered trade mark for the polythene manufactured by I.C.I. 
DENMAN PRODUCTS LTD., Bridgefields, Tewin Rd., Welwyn Garden City, Herts. Tel: Welwyn Garden City 6338 
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are included 

amongst the 700 
standard transformers and 
chokes listed, priced and 
fully described in the 


NEW 
loose leaf catalosue 
S 


Every copy of this catalogue, which has been prepared 
specially for industrial and research establishments, 
is numbered and registered in the name of the holder. 
It is regularly brought up to date by the supply of 
amendment sheets covering every addition to Gardners’ 
standard ranges. Please apply on the Company’s or the 
Establishment’s official letterheading. For other users 
a catalogue covering the full Solent and Miniford 
series is available on request. 


fier type CD2 (SenTerCel), to 1 amp Bridge Rectifier 


using LT61 ( Westinghouse) 
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Please write for catalogue to 


GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH : tel. 1734 
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TRANSISTOR Converters and Inverters 


for fluorescent lighting and general applications. 
The range of operating voltages, powers and frequencies 


is under steady development. 


Inverters for fluorescent lighting from 12 volt d.c. supplies cover the 
range from a single 6” tube to six 24” tubes or equivalent. 

Inverters for 12v. d.c. to 50 c/s or 400 c/s a.c. up to 100 W. 
Constant frequency and locked frequency inverters for camera 
and tape recorder operation. 

inverter-rectifier systems for d.c. to a.c. Conversion. 








TRANSISTOR Controller 


Magnetic amplifier intermediate stage, saturable reactor 


power stage. A temperature controller for use with a platinum 


resistance thermometer to provide power control TELECOMMUNICATIONS 


up to 60 KW 3-phase. No mechanical switches. PLUGS - LEVER KEYS - CABLES 
FUSE MOUNTINGS - AMPLIFIERS 


Constant current characteristic for platinum furnaces. CONTROL PANELS - MOULDINGS 
COUNTERS - PLUNGER SWITCHES 
MAGNETIC AMPLIFIERS - RELAYS 
SATURABLE REACTORS - JACKS 
TRANSFORMERS - INSTRUMENTS 


THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED,  SASSronutts _nstauments 


THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243 _ TRANsisTor inverters - seus 


PROTECTORS - WIRES - BUZZERS 
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This new counter is fast, 
compact, reliable-costs less 


Series F.43 magnetic counters 


will operate up to 

3,000 counts per minute 
—are reliability proved over 
400 million operations and, 
even with electrical reset, 
are smaller than 


most counters 


of comparable performance. 


Unequalled electrical and mechanical 
flexibility is now available at a price 
competitive with lower performance 
counters. Six digit indication, optional 
pushbutton or electrical reset and a 
wide selection of preferred operating 


voltages minimise application problems. 


Compact size, plug-in diecast construc- 
tion, socket-box dovetailing design and 
flush 


installation 


accessories such as_ optional 
mounting frame _ simplify 
and offer unequalled flexibility for 
individual or multiple installations in 


desks, panels and mimic diagrams. 





Flexibility shown by plug-in flush mounting and dovetailed stack 





The Hengstler Series F.43 electro-magnetic counter (patents pending) is manufactured in Western Germany by J. Hengstler K.G., Sole agents for this counter in the U.K. are 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


— RUGELEY - 


STAFFORDSHIRE - 


ENGLAND 


Manufacturers of the world’s widest range of industrial electronic control equipment 
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Data 


Size: 23} in. x 14} in. x 24 in. 

Screen: 10 cm diameter 

Resolution: 40 lines/cm 

Writing speed (stored): 2-4 cm/s 
Sensitivity: 5 mV/cm (max) 
Bandwidth: 0-4 Mc/s 

Time base velocity: 3 cm/us—0.1 cm/s 
Erasure time: <1! second 


Send now for full details of 
this outstanding instrument. 


. . the fastest storage 
oscilloscope in the world. . 


CAWKELL <<: 


CAWKELL RESEARCH & ELECTRONICS LTD 


Scotts Road, Southall, Middx. 


Consider 


the advantages 


of the 


Remscope 


Here is an oscilloscope that: 


%* will store fast transient signals for a week 
and display them for up to 2 hours. 


%* gives a choice of long persistence display 
or variable persistence. 


% can include a trace shifter to facilitate 
comparison of several signals at once. 


% eliminates the clutter and delay of photo- 
graphy (as well as the cost). 


With its English Electric E702A _ cathode-ray 
tube and crystal controlled time markers, the 
Remscope is an accurate and reliable instrument 
that is also designed for easy servicing and 
adjustment. 

If you use ‘scopes . . . or are thinking of using 
them . . . for any kind of waveform study, from 
computer outputs to mechanical testing, consider 
the advantages of the Remscope. 

We will be glad to arrange a demonstration 
for you. 


Southall 3702/5881 


Export Managers: Applied Research (Instruments) Ltd., Emefco House, Bell Street, Reigate, Surrey 


One of the San Group of Companies 
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From analogue input 
to digital output 


in Imsee 
to 0-1/ 
accuracy 


with the transistorised 
CONVERTER L281 


This equipment, a vital component for fast data logging systems, 
samples an input analogue voltage and gives a digital output 
available in parallel or serial form, in pure binary or binary 
coded decimal. 


Sampling time less than 1 msec, with maximum 
sampling speed 1 kc/s. 


Accuracy to 0.1%. 

Pure binary or binary decimal conversion. 

Internal or external clock facilities. 

Compact construction, 5} in. in standard 19 in. rack. 
Fully transistorised. 


Please write or ‘phone for further information on this outstanding equipment, 


MULLARD EQUIPMENT LIMITED Mullard House ~ Torrington Place - London WC1 - Telephone: LANgham 6633 
SS RRS Se RS 
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It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


One order on Plessey for a complete assembly — or set of 
assemblies — means only one supplier to progress — only one item to be 
dealt with by the various departments concerned. 


Let us begin at the beginning 
In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 
in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 





WIRING & CONNECTORS DIVISION 
THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON - WILTS 


PlESS@Yy | vocrrre: semece an 


Overseas Sales Organisation: Plessey International Limited - liford - Essex - Tel: Ilford 3040 
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(AEI) INSTRUMENTATION 
INFORMATION SERVICE 











ELECIRONIC RELAY 
WITH EXTRA LONG LIFE 


FOR EITHER WALL OR 
BENCH MOUNTING 





The AEl Electronic Relay has been re- 
designed and the Type EA4 is now an 
instrument with outstanding long-term 
reliability. 
It enables full use to be made of the precise 
control possible with light contact instruments 
such as toluene regulators or contact ther- 
mometers by ensuring that they are not subject 
to any high voltage or current stress. Accuracy 
and stability of the operating instrument is 

DIMENSI_NS: 
thus unimpaired and contact cleaning or other 6)" x 4” x 3)" DEEP 
maintenance is reduced to a minimum. enon 
Although operating on a few microwatts, the 
EA4 relay will control inductive or non- 
inductive loads up to 2 kW at 200-250V AC 
or DC. 
a. kee 


Send me price and delivery details/full technical information 
(please indicate requirement) 
NAME 


j coupon fOr ae 


i, oetninG vine 
: g ADDRESS ssipiaiocieistitiptnsecintiitiasenaging 


a Rep PIE ee racy rorya mage eaten 





instrumentation Division 
P.O. Box:1 Harlow: Essex: Tel: Hariow 25271 
Associated Electrical industries Limited 


sc/to7 
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VENNER Accumulators (@% — ssommator 
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Cy The 





ghlest and 
E AT : T smallest rechargeable 
VENNER AC( MULATORS LIMITED 3 chargea 


? nulator in the w 
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D.31 double beam Serviscope* 

D. C. amplifiers and slow speed time base (down tc 
5 sec/cm if necessary) are eminently suitable for servo 
work and similar applications. Fast rise time (.06 » sec) 
and high writing speed (10 cm/pz sec at maximum ex- 
pansion) are essential for any work dealing with fast 
pulses or TV waveforms. The unique triggering ar- 
rangements enable complex waveforms to be examined 
in detail with complete accuracy of synchronisation. At 
this moment the D.31 is in use in the diverse fields of 
computer development and servicing, radar equip- 
ment, telemetering applications, closed circuit and 
broadcast TV, automatic telephone equipment... and 
is proving itself ideally suited to laboratory work where 
an oscilloscope has, of necessity, to be somewhat of a 
Jack of all trades. 


‘ 
* ‘Serviscope 
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Both per £ and per Ib., each Serviscope* 


Potentialities 
per 
pound 


offers greater flexibility, accuracy and 
reliability than any oscilloscope of 
comparable specification. A radical 
reassessment of design and production 
techniques has enabled smaller, lighter, 
instruments with many improved 
features to be offered giving a far 
higher performance than their low 


price would suggest. 


Weight: 26 lbs. Pe i's is 


=aOGo 


‘trically identical, but designed 
r mounting in standard 194” rack: 


S.31 single beam oscilloscope 
has the same specifications with 
a single beam display. The 
original, highly successful, 
Serviscope 


Weight: 16 lbs. Price: £75 


INTERKAMA on stand B2025 6H 


TELEQUIPMENT KX >a 


Telequipment Limited, 313 Chase Road, Southgate, London, N.14. Tel: Fox Lane 1166 
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VALVEOWLDIERS | 
INOW 
ACONOMUGC 


BAVJERR YY 
STAGES 


GRAIG | 











INSULATION RESISTANCE: greaterthan For low moisture absorption, high insulating qualities and 
20 x 10" ohms (measured at 500V d.c.) resistance to temperature, high stability ceramic valveholders are 
BREAKDOWN VOLTAGE BETWEEN the obvious choice, and Plessey offer you a wide range at 
CONTACTS: greater than 3.5 kV d.c. attractive prices. This is because they have successfully overcome 
POWER FACTOR OF CERAMIC: better certain manufacturing difficulties with ceramic materials and can 
than 0.001 now pass on to you the advantages of economic production. The 


exclusive design of the contact ensures constant pressure and low 


CONTACT RESISTANCE: lessthan4 milliQ 


CAPACITANCE VALUE: less than 0.5pF 
pin to pin at 1 Mo/s. Write now for samples and prices. 


contact resistance throughout the working life. 







ceramic ) B valveholders 
=m 











NORTHANTS - TELEPHONE: TOWCESTER 312 


Overseas Sales Organisation. 
PLESSEY INTERNATIONAL LIMITED * ILFORD « ESSEX * ENGLAND * TELEPHONE: ILFORD 3040 


Pree 


CHEMICAL AND METALLURGICAL DIVISION COMPONENTS GROUP 
[ Plessey | THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY - TOWCESTER 
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0 to 21 ke 


0 to 20:5 kc in a single sweep, 
plus 0 to 500 cps incremental 
dial 


Calibrated outputs from 300. V 
to 100 V 


Distortion down to 0-03°%, 
Power outputs up to 4 watts 
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AUDIO-FREQUENCY 
EQUIPMENT 








The type HO32 is a moderately priced audio-frequency oscillator 
with extraordinary features. The principal advantage of the B.F.O. 
is complete coverage of the audio-frequency range in one sweep; the 
frequency response is less than 0-3 db. It has a built-in indicator for 
zero-setting of the frequency, which, once set changes less than 2 cps 
per hour after warm-up. The stability to line voltage fluctuations is 
excellent, a 5 per cent change shifts the frequency by less than | cps. 


High-Gain Measuring Amplifier 


Amplification: 10 db to 100 db 
in 10db steps. Output from 
cathode-follower 


Accuracy: 0-2 db to 80 db, 0-4 
db to 100 db 


Frequency Response: Fiat to 
over 50 kc on all ranges up to 
80 db 


Hum and Noise: About 2 
microvolts 


Write for complete information 


OCTOBER 1960 




















This High-Gain Measuring Amplifier features extreme versatility 
and stability, typically 0-0! db change in amplification for 10 per cent 
change in line voltage. 
It can be used as: 
Microvoltmeter with high input impedance, 10 megohms. 
Sound-Level Meter in connection with a condenser micro- 
phone. Operating voltages for the microphone and cathode- 
follower are supplied from the type F33. 


The type F33 is also supplied without meter. 


RADIOMETER 


72 Emdrupvej, Copenhagen NV, Denmark 
Represented in Great Britain by: 


Livingston Laboratories Ltd. 
Retcar Street, London N.19 
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Eight People operate a huge Production Plant 


A big oil refining plant constructed according to latest scientific 
and technical perceptions and which is fully automised, processes 
almost 2 million tons of mineral oil per year. For the operation 
of such a gigantic automat only 8 workers per shift are required. 
Reliably operating electronic installations guarantee the smooth 


operation of its high power production. 











i mm SS ae ee 


! ! ! ! ! ! ! ! Electronic valves— 


an important implement of Automation 


Electronic instruments are of decisive importance for automation. 
They operate with hundreds of valves, the quality of which con- 
siderably influence the performance... Every year and all 
over the world more automatic plants are being constructed. 
In proportion with their growing number the need for special 
valves is also on the increase. The trade with these important 
constructional elements already developed to one of the most 
interesting branches on the world market. 
EFFICIENT The valve factories of the German Democratic Republic supply 
“ you with high quality special valves: Thyratrons, high voltage 


PROGRESSIVE- i rectifying valves, voltage stabilising valves. 
RELIABLE 
TROHRENWERKE 


Representative: Siehe Manuskript 





Please send us free of charge prospectus transmitter valves, high frequency 
TO valves, Thyratrons, stabiliser valves*) 


*) Please underline whichever applicable 
HEIM-ELECTRIC 
BERLIN C2 Name Firm 
LIEBKNECHTSTR. 14 liens 
Abt. W.u.M. lil 1 


Country 


Remarks 
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BRIMAR keeps them busy! 


ect 


S SS 


SSN 


Long ite... consistent characteristics . 


. and an ability to withstand really testing 
wear. These are the qualities that matter most when selecting valves for use in industry. No 
wonder that more and more industrial users make a point of specifying Brimar 

valves. The dependability of Brimar valves is industry’s best insurance against costly 
breakdowns that can so easily throw an entire production team out of 

action and totally disrupt a factory’s working schedule. For many purposes, the Brimar 
I’ range of valves is widely used in industry. And the experience gained in 

producing these valves has been turned to good account in the manufacture of the 


regular commercial range of Brimar valves. So whenever reliability counts — 


. = > 2. - 
ee SS SSS 


= > 
SSS 


Brimar Limited 


FOOTSCRAY - SIDCUP -: KENT - FOOTSCRAY 3333 
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KEY TO PICTURE: |. Sir Carnegie Hall, A.N.R.,A.R.B., (Chairman) 2.Mr 
Albert Hall (Deputy Chairman) 3. Brig. Gen. Arbuthnot-Featherstonehaugh 4 
Mr.E.\V.A. Brick 5. Lord Antony N. Other 6.Mr. J. (Jock) McStrapp 7. Mr. Frank 
N. Stein (Financial Director) 8. Mr. Homer Wurlitzer Jnr. 9. Wing Commander 
Daniel Dare, D.F.C..A.1.D. 10. Mr.R.Buggsbunnii (Secretary) (with apologies 
to ‘THE TIMES’) 











yi ( . / / ts 
suXcosstul ‘ Jentlemen; increased. € rports, 


Ss 


/ / 
/ 4 j ' 
fhanks to op lurchasing LA sent throws thre 


duitieds prices of « fs | ER 


ereiiare, 


H. ROLLET & CO.LTD. 


H}). tals 
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special 








for stress relieving 
transformer 
laminations 


Royce mesh belt conveyor 

furnace providing variable heating and 

cooling cycles, specially designed for continuous 
heat treatment of transformer laminations. 


A ROYCE SPECIAL COSTS NO _MORE Normal working temperature — 820° 
THAN A STANDARD FURNACE Maximum operating temperature — 1050° 


Judge for yourself. For your new Normal heating cycle — 60 mins. 


: Average power consumption — 
furnace get a quotation from Royce. 900 kwh per ton of lasniasdions 


Atmosphere — burnt town gas. 


NA ROYCE: 


ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens & kilns for all industries 
ALBERT DRIVE, SHEERWATER, WOKING, SURREY Telephone: Woking 5401 


NRP, RF 327 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 


self-sealing Coupling with great savings 








*K 


MACHINING 





Van 
&) outer shoulder ring (15 mins) 4/- 14/4 








inner retainer (20 mins) 5/431 


saved on 


threading (4 mins) 1/O+ 
THE OLD WAY Seif-sealing coupling 
used over-sized internal and _ external each unit 
threaded retainers ... costly milling, turning 
and threading operations were necessary, 
and assembly slow and difficult. ASSEMBLY 6 

a - —— by use of 


total labour saving 


2 SALTER 
MATERIAL 


RETAINERS 





brass threaded retainers 3/5 








© 








oo TOTAL SAVING WITH 
2 SALTER RETAINERS =8=©6| SALTER RETAINERS 





14/4 





THE SALTER WAY Two Salter Retainers 
replace heavy threaded retainers, and 
eliminate many costly tooling operations. 
Assembly, disassembly and maintenance is 
simplified. 








‘ 1760 


\ 
y 7 
~~ 
=n 
= 
qe 


wart 


Circlips > Fasteners Retainers 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 
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Now... THORN PLUG-IN RELAYS 


Thorn Pygmy Power Relay 


New interchangable relay designed for 
use in remotely controlled automation 
units. Has double pole changeover contacts. 
Dust proof—transparent plastic cover. 
Plugs into any standard International 
octal valve base. 

Weight Only 44 ozs... 

projection only 2" above base. 


Mechanical life over 
10,000,000 operations. 


Switching current: 5 amps maximum at 
250 volts A.C. 

Maximum surge current: 10 amps. 
Operate time: 8 milliseconds approx. 
Release time: 6 milliseconds approx. 


Overall dimensions: 1%” square by 25,” 
Coil voltage: 240 volts standard; also 
available for 6, 12, 24, 48, 60, 110 volts 


THORN ELECTRICAL INDUSTRIES LTD 


Thorn T9 Micro-Switch Relay 


A plug-in relay, particulary suitable 
for switching P.A. equipment, the 
snap action contacts minimising 
interference with pick-up leads. 


Operating coil wound for any specified 
voltage up to 240 volts A.C. or 150 volts 
D.C. May be tropicalised. 

Up to three micro-switch pattern contacts 
mounted on standard coil frame. 


Versions available with up to 11 solder 


' tags or 10 screw terminals. 


Contacts 3 changeover 

Mechanical Life: Over 10,000,000 operations. 
C/O Time: 
Max. Switch: 


Capacity: 


C.O. period less than 2 milliseconds. 
10 amps/240 volts A.C. noninductive load. 
0.2 amps/240 volts D.C. ,, - - 
0.5 amps/110 volts D.C. ,, 9 ee 
1.0 amps/50 volts D.C. ,, i - 
5 amps/24 volts D.C. ,, - . 
Max. Operate 
Speed: 20 cycles/sec. 
Upto 0.1 amp. approx. 20 cycles/sec. 
ol os « 2 
7. ws » | 
ow  & O.1 ’ 
(referred to A.C. non-inductive load). 


Switching: 
Frequency: ~ a 


” 


SPECIAL PRODUCTS DIVISION (INCORPORATING COMPONENTS AND CONNECTORS), 


GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX 
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¢ 

2 2’ TYPER 
A unique feature of this new range is the front plate of anodised MOVING COIL TYPE 
aluminium, supplied in any colour to match surrounding 
apparatus. The case, of clean rectangular styling is moulded MOVING COIL WITH 
in phenolic material, and fixing is easy and adaptable. 
Instruments can be supplied for the measurement of al] A.C. RECTIFIER 
and D.C. currents and voltages. 
The legibility of the scale is exceptional and all unnecessary MOVING COIL WITH 
markings have been eliminated. Scales are white enamelled 
on metal with black markings. THERMO COUPLE 

MOVING IRON TYPE 





Send for leaflets 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS, SILK STREET, SALFORD 3, LANCASHIRE. Tel: Blackfriars 6688 
London Sales Office: Magnet House. Kingsway, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 






tested to withstand overloads of 10 times nominal value | 
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MASS SPECTROMETER LEAK DETECTOR 


in this one instrument there is a 

complete leak detection installation 

requiring no ancillaries. The instru- 

ment can be applied to both evacu- 

ated and pressurised components 

and the rapid response gives a quick 

turn-round — up to 100 components 

per hour. 

Theinstrumentis completely portable 

and incorporates a high speed pump- F Sileemiaienl te 

ing system coupled to the miniature as Settee 6 tas tamed 
mass spectrometer. Designed speci- a 
ally for leak detection, the mass 
spectrometer can be used with 
hydrogen or helium as the probe gas 
and in addition to meter indication a 
loudspeaker gives an audible indica- 
tion of the leak. An ionisation gauge 
and a pirani gauge are also incorpor- 
ated, extending the leak detecting 
range to tens of lusecs. 20th Cen- 
tury’s engineers are always willing to 
discuss new applications of this 
instrument. Write today for leaflet 
MS.601 for further information. 





@ Precise location of leaks HB Audio leak indication @ Applicable to vacuum or pres- 
sure vessels of any size 


@ Rapid response @ Analysis of residual gases @ High pumping speed for rapid 
testing 


@ Leak detection range 10 lusecs- [J Calibrated leak for checking {§ Portable, rugged instrument with 
10-7 lusecs sensitivity fully automatic protection circuits 


Manufacturers of 
| ELECTRONICS | Electron Devices, Mass Spectrometers & Stablelsotopes 


LIMITED 


CENTRONICS WORKS - KING HENRY’S DRIVE - NEW ADDINGTON - CROYDON - SURREY - Lodge Hil! 2/2! 
CHWR/1960 
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Setting new standards in scientific measurement 


LLOMINK 


an advanced multichannel 
oscillograph 


New standards of accuracy and performance 
in industrial and scientific measurement 

are set by the OSCILLOMINK. Its frequency 
range is up to 1,000 cycles per second, the 
record is immediately visible and up to four 
channels can operate simultaneously without 
disturbance to individual readings where the 


latter cross or coincide. 
















1000 CPS 

2-4 CHANNELS 

6 STANDARD PAPER SPEEDS 

SPEEDS UP TO 2 metres PER SECOND— 


by means of special attachment 


LINEAR FREQUENCY RESPONSE 
DIRECT—WRITING—by jet method 


EK = OROKKK 


RECTANGULAR CO-ORDINATES 


Ss | FE. Be ia 4 Be DB) For further details write or telephone today 





241 Tottenham Court Road London W.I LANgham 2464 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 
WILL MEET THE MOST EXACTING REQUIREMENTS METALLISED 


Perfect Terminations aaa’ 


—made readily without special precautions by 
semi-skilled-labour, employing simple hand 
soldering methods, R.F. Heating, 

Hot Plate, Tunnel Oven or similar 


mass production methods 


STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 


Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. _ Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





— 
SP ico 
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WHY PICK ON US? 


coe a question with many answers 


FO R § P EC | A L | SAT | 0 N » because we do electronic assembly 


and wiring, the job for which we are amply equipped and adequately 
financed, superlatively well. 

With a skilled labour force, working in an ultra-modern factory 
under ideal conditions, we are usually able to keep our charges 
lower than your own loaded production costs. And delivery dates 
are guaranteed. For fuller details of this unique service please 


contact Leslie D. Izzard, Planning Director. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 





Entrance Hall to the 
Brozlea Works, 15 miles 
from central London on 
the Al0O road to 
Cambridge. The Works 
are specially designed 
and laid out to handle 
work for the Electronic 
and Telecommunication 
Industry. 








Trusted by the people 


you trust 


Below are some famous names 
—firms who entrust work to 


Broxlea:— 


Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Ltd. 
Dewhurst & Partner Ltd. 
Elliott Bros. (London) Ltd. 
E.M.I. Electronics Ltd. 
Enfield-Standard Power 
Cables Ltd. 

English Electric Aviation Ltd. 
\vershed & Vignoles Ltd. 
General Electric Co. Ltd. 
General Precision Systems Ltd. 
—Air Trainers Link Division 
Ilford Ltd. 


International Computers and 
Tabulators Ltd. 

Mareconi’s Wireless Telegraph 
Co. Ltd. 

Microcell Ltd. 

The National Cash Register 
Co. Ltd. 

Pye Ltd. 

A. V. Roe & Co. Ltd. 
Associated Electrical 
Industries Ltd. 


Standard Telephones & Cables 
Ltd. 


Telephone Manufacturing Co. 
Ltd. 

Texas Instruments Limited 
Tube Investments (Group 
Services) Ltd. 

Witton-James Ltd. 


you will be in good 
company if you, too, 
trust Broxlea. 


BROXLEA PRODUCTS LTD. (A.I1.D. approved), BROXBOURNE, HERTS. Hoddesdon 4455 
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p.t.f.e. 








PRODUCTS 





wide temperature 
range 









A comprehensive range of p.tf.e. products is available 
including Veneered Tapes, Gland Packings, — in "“U”, "V" or 
special sections; Solid Gaskets, Washers and Discs, Envelope 
Gaskets, Vaive Discs, Valve Seatings, Diaphragms, Expansion 
Joints, Flexible Joints and Plaited Packings, made either 
from 100°, p.t.f.e. yarn or p.t.f.e. impregnated asbestos yarn. 





chemically 


inert p.t.f.e. products 








OCTOBER 







excellent electrical 
properties 


1960 


TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 


low co-efficient 
of friction 
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Two Centuries of Precious Metals 


**Over the past 200 years we have 
developed a service in precious metals 
to Industry throughout the World. 


Our skill and experience is at your disposal, 
1760-1960 whether it be for silver solders and 
brazing alloys, electrical contacts and 
contact materials or precious metals 
in any form to meet today’s 
ever increasing requirements. 


Our technical representatives 
are always available to discuss 
your particular requirements.’’ 








Te 


COMPANY LIMITED 


HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
ALSO AT LONDON AND BIRMINGHAM. 
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high vacuum equipment 


WRITE NOW FOR THE 


The newest re-issue of the N.G.N. 
Catalogue illustrates and describes a 
whole range of equipment especially 
designed and manufactured for the 
High Vacuum Industry....and which is 
already approved and used by leading 
high-vacuum engineers all over the 
world. N.G.N.’s special, highly-expert 


design combined with their new manu- 
facturing techniques result in a range of 
components and equipment which are 
unique in their efficiency, adaptability 
and convenience. 

Write NOW the N.G.N. 


for new 


Catalogue No. 881/20. 


TRADE’S MOST HELPFUL CATALOGUE 


N.G.N. 
ELECTRICAL 
LIMITED 


AVENUE PARADE, 
ACCRINGTON, LANCS. 
Telephone: Accrington 35611-2 





ROTARY PISTON PUMPS 
DIFFUSION PUMPS 

BAFFLE VALVES 

LOW TEMPERATURE TRAPS 
COMBINED PUMPING UNITS 
HAND OPERATED VALVES 
ELECTRO MAGNETIC VALVES 
COUPLINGS & UNIONS 
VACUUM MEASURING EQUIPMENT 
NYGON SEAL MATERIAL 






















Well-proved design. 








* Up-to-date folded section 
construction. 












* Rack tappings to suit 
British, U.S. and Conti- 
nental equipment. 






RACKS 


are engineered to your requirements 


In the finest quality zinc-coated steels and finished 
in high-relief hammer stove enamel; other finishes 
available to your own particular specification. 4 










* Identical front and rear 
frames. 













% 


* Unit doors of any size on 
front or rear. 


















* Cooling by blower, extrac- 

tor fan or natural convec- 
tion without modification to 
rack. 


Delivery period for most standard 
Racks is seven days. if 


METAL PRODUCTS LTD. 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
WATFORD - HERTS 
Telephone: Watford 2235! 






ma Dyehabbee! 


A member of 





GROUP 
Telegrams: Datum, Watford 
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A service for Designers 


The possibility of a component change—due to shortage of supplies, in- 
creased costs or failure to meet specific conditions—is a problem facing 
every designer of electronic equipment. However, one basic component 
can be ‘tailor-made’ from the start, for LAB will supply the precise 
type of Resistor required, ex stock cnd at the right price. Write for 
full technical data, prototype samples and price schedules to:— 














THE RADIO RESISTOR CO. LTD., 


9-11 PALMERSTON ROAD, WEALDSTONE, HARROW, MIDDX. 
Telephone: HARrow 6347 




















CARBON WATTS | phen | TOLERANCES 
| RANGE = 


1&2 | 10-10M | 5% & 10% 
2. Cracked /30—20 | I—SOOM | 5% & 10% 
3.*High Stability 10—3 | I—SOM 10.5% 1% 2% 5% 
. Variable... ee : 5K—2M _ 





ES ein oe. 
| l 


. V. High Resistance t—3 SOM—10** 5% & 10% 
. V.H.F. (Rods & Discs) 1/10—! 10O—IK 1% & 2% 





WIREWOUND 
. Rheostats ... .| 4-500 10—80K | —_ 
. Vitreous... |} 3—500 | 1—1SOK | 1% 2% 5% 


. Cemented ... si. ool | 1—25K 5% & 10% 


, Metal Oxide =... | 42 | 100—4.2m. | 1% 2% 5% 

















* The ubiquitous blue (1%) grey (2%) ‘HISTABS”’ 


——(m TD — °° 7 «sow as EAR, 


THAT an instrument quality HISTAB to 


— IL +0.5% is available. 
THAT V.H.F. rods and discs (5) can be 
supplied in matched pairs. 








ip ECTRONICS 


é 


'/’ HARNESSED FOR ENGINEERS 


a 


- 
J/ A complete range of easy to use instruments and transducers 
f 


are now available for measuring, indicating and recording 


, 


TENSILE LOADS 

STRAIN IN MACHINE MEMBERS 
DISPLACEMENT 

FLUID OR GAS PRESSURE 
SHAFT ECCENTRICITY 

GUY WIRE TENSION 

TENSILE CREEP 

DRAW-BAR PULL 

THICKNESS 


We will be pleased to advise on any problems you may have. 
> 


RN Ft pense 


BPA Electronics BOULTON PAUL AIRCRAFT LIMITED, WOLVERHAMPTON 
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For BERYLLIUM COPPER PRESSINGS 
TO THE CLOSEST TOLERANCES 





CONSULT 


RANDAUER 


OF BIRMINGHAM 





TOLERANCES NOW .- -00025”: 


By pioneering the use of beryllium copper and precious metals, Brandauer have achieved 
many manufacturing successes which can be of great value to you, 

Today we are among the largest most sought-afier fabricators of beryllium copper 
pressings in Britain—thanks to a hundred years of heat treatment experience, specialised 
plant, and ten years of research. Being craftsmen, experts and indeed the outstanding 
specialists in beryllium copper, we work with extreme precision in miniature and sub- 
miniature presswork ; in certain circumstances, we regularly maintain an accuracy of plus 
or minus -00025 in 

All components are made to customers’ own requirements. It is significant that several 
million Brandauer units are in daily use in the radio, television and aircraft industries, in 
radar installations, record players, switch gear, electronic computers and a wide range 
of other equipment 


BRANDAUER EARLY DELIVERIES OF FOUR SLIDE WORK: 


Brandauer also specialises in precision 
pressings manufactured from all 
ferrous and non-ferrous materials 
including the cupro-nickel alloys. 


This is also helpful. So are our large stocks of material. They enable us to quote earl 
deliveries for most pressings and competitive prices for all. Therefore -—for time and 
tolerance, quality and price, choose Brandauer, Further information and samples gladly 
sent on request. 


C. BRANDAUER & CO. LTD. 401 NEW JOHN STREET WEST, BIRMINGHAM 19 


Telephone: ASTON CROSS 3818 








VARIABLE 
VHF ATTENUATOR TYPE Q 


Designers and Electronic Engineers will welcome this 
new precision-made Hatfield Attenuator, available for 
either 0-11dB in 1dB steps or 0-110dB in 10dB steps 
and covering DC—500 mc/s. Models are also available 
for Ledex Drive. 

© V.S.W.R. 1.2 below 250 me/s. 

©} Matched at all attenuations. 

© Low operating torque. 

©@ Rated at 0.5 w. 

© 50 ohm and 75 ohm models available. 

©) Size; 54 in. =~ 1} in. x°2% in. 

© Weight; 1) Ibs. Price £36. 





The wide range of high quality Hatfield Instruments 
includes: 

@ RF Bridge 

® Stabilised D.C. Power Unit. 

@ D.C. Amplifier A.C. Power Supply 

@ Fixed and Variable Attenuators. 

© Coaxial Switches . Valve Millivoltmeter. 

@ Balanced Crystal Modulator. 











Write for full details of this and other Hatfield Instruments. INST RUMENTS LTD. 
First with Wide Band R.F. Transformers. 


Dept. EE, CRAWLEY ROAD, HORSHAM, SUSSEX. Telephone: Horsham 3232/5 
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EW 
LLOSCOPES 
M 


oS o 
Y@ * - Bon 


< 
A product of 
N. V. Philips, 
Eindhoven, Holland. 
The exceptional accuracy embodied in these instruments 
is combined with stable triggering and time base mag- GM 5601 GM 5606 
nification up to a maximum of § times. Even complex Y amp. Bandwidth: DC 5Mc/s DC 200 Ke/s 
waveforms may be accurately displayed and measured Y amp. Sensitivity: 100 mV/cm 10 mV/cm 
on the 10cm flat-faced cathode ray tube. Both time and voltage calibrations have 
accuracies to within 3 per cent. 
Sole Distributors in the U.K. 


RESEARCH & CONTROL INSTRUMENTS LTD. 


instrument House - 207 King's Cross Road + London wc Te/:; TERminus 2877 Grams: RACIL KINCROSS 


RCI OOTS) 





ACALOST / um 


AUTOMATION COMES 
‘TO LIGHT\INDUSTRIAL 
SHOTBLASTING 


GUYROTA 


Ideal for manufacturers who need to rapidly blast clean 
large quantities of small metal parts or De-Flash Thermo-set 
Plastic Mouldings. All the operator does is load the tumbler 
on to the angled turntable and let it rotate under the blaster 
gun for a pre-determined length of time. Manpower is saved 
by having one operator to a number of Guyrotas. 


Send today for Bulletin T/40(c). 


=Gu u 7S CP SUYSON INDUSTRIAL EQUIPMENT LTD. 
Regd North Avenue, Otley, Yorks. Tel: Otley 2456. Grams: “‘Guyson Otley” 
EE 26 207 for se details 
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A Saturable Reactor is an_ infinitely 
variable A.C. choke. It has no moving 
parts, control being effected by forcing 
a D.C. magnetic field through the A.C. 
magnetic circuit, the D.C. field being 
controlled by a small resistance. This 
resistance can be remote from the main 
reactor, making a very convenient control 
and, should space be a vital factor on 
the site, the Reactor itself may also be 
placed at some other convenient position. 


APPLICATIONS : 


¥e ELECTRIC FURNACES ¥e GLASS SEALING MACHINES 

¥%& H.F. HEATING CONTROI ¥%& ELECTRIC OVEN CONTRO 

¥%& SERVO MECHANISMS ¥e METAL RECTIFIER INSTALLATIONS 
%e A.C. CURRENT AND VOLTAGE ¥&e HOT PLATES 

¥%& PLYWOOD HEATING % ELECTRIC LIGHT DIMMING 


WAAAMAAAAAAA LA LAA 


Please write for fully descriptive leaflet 


HIRST ELECTRONIC LTD GATWICK RD+: CRAWLEY ° SUSSEX 


Crawley 25721-2-3 








Dry Reed Relay Insert 


A gold-plated relay contact hermetically sealed 
in inert gas for absolute reliability, high speed 
and low contact bounce. 





maximum current 

maximum resistive load... 15 W 
maximum closed resistance 50 mQ 
minimum open resistance § x 10"'Q 

















nominal operate ampere turns 120 AT Our Technical Service Department 


nominal release ampere turns.. 60 AT 
operate time less than is ready to provide further details 


pe carl rng haw gh eng ; of characteristics on application. 





ll = re a A member of the Automatic Stonefield Way ~- South Ruislip - Middlesex 
1 fi fl ai 0 Telephone & Electric Group Telephone: Viking 1288 
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ERSIN MULTICORE 5-CORE SOLDER 


The A.1I.D. approved type 362 flux, incorporated 
in Ersin Multicore 5-Core Solder, is very effective 





CONSTITUTION OF 
ALLOYS OF ERSIN 
MULTICORE SOLDER 


The diagram shows 


that all the standard ¥° \* 


alloys of Ersin Multi- 
core Solder have a 
a range, i.c., on 

eating they are pasty 
between the solid and 
liquid states. Practical 
experience has shown 
that there are advan- 
tages in having a 
plastic range, e.g. for 
tag jointing where the 
use of 60/40 alloy 
obviates fractures 


Tel: Boxmoor 3636 (4 lines). 


on heavily oxidise 
use of a lower tin content alloy. Ersin Multicore 
s-Core Solder is supplied on 7 Ib. reels in 
9g standard gauges and 6 alloys. 
from 24-34 s.w.g. are available in 2 alloys on 
1 lb. and 4 Ib. reels. 





surfaces and often allows the 


Even gauges 


PERCENTAGE OF LEAD (weirmc rom or veao 327°C 
00 oo ” “un “ f 















100 


© 1 00 «04538 60 
PERCENTACE OF TIN (mecrinc pow? oF Tin 2320) 


which may occur with other alloys where 
there is slight vibration while the solder 
is setting solid. 


MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD. HERTS. 


Grams and GCabies: Multicore Hempstead. 





—a 





ae 
PRINTED CIRCUITS 


Leaflet P.C.L. 101 gives full details 
of a complete soldering process 
developed by Multicore Laboratories 
for printed circuits. 















MULTICORE solder 





SAVBIT TYPE 1 ALLOY Atade under sole 
British Licence of Patent No. 721,881. 
Savbit Type 1 alloy was developed after 
extensive research in the Multicore 
Laboratories into the main causes of bit 
wear. It incorporates a small percentage 
of copper which prevents absorption of 
copper from the bit into the solder alloy. 
Aer prolonged tests, it was found that 
the life of solder bits was increased by 
up to 10 times. The speed of soldering 
is not affected. 


SPECIAL ALLOYS 


4 special alloys can be supplied for 
particular purposes: 
Comsol with a high melting point of 


296°C. 

T.L.C. alloy with a melting point of 
145°C is made from tin, lead and 
cadmium. 

P.T. (Pure Tin) alloy, with a melting 
point of 232°C, is lead-free. 

L.M.P. alloy, with 2% silver content, 
which melts at 179°C for silver- 
coated components. 


PUBLICATIONS 

Laboratory engineers and technicians 
areinvitedtowriteontheircompany’s : 
letter-heading for the latest edition : 
of Modern Solders. It contains data 
on melting points, gauges, alloys, etc. 








the 





Steel spring mounting lends great 
strength and guards against loosening, 
however intense the vibration. 


fastest 


fastener 


The locked position. The Dzus Fastener 
is instantly unlocked by a quarter turn 


anti-clockwise. 





Cam operation ensures smooth 
easy working yet unbreakable grip; 
fastener supplied to suit any thickness. 


SURE.. 
SIMPLE... 
SAFE... 


@ Dzus are fasteners with a world 
reputation for reliability. They can 
be fitted quite simply in any solid or 
laminated material regardless of 
thickness. 


@ Dzus are quick in action. 

@ Dzus are vibration-proof. 

@ Dzus are indispensable for hinged 
or removable parts in need of frequent 
inspection or attention. 


@ Dzus are the fastest fasteners with 
a variety of uses on Inspection 
Hatches and Panels, Engine Covers, 
Machinery Guards, Fascia Panels, 
Radiator Grillesand inthe Electronic, 
Motor Vehicle, Air Conditioning, 
Heating and Shipbuilding Industries. 


DZUS vsstenens 


Write for full details of applications in YOUR industry, to: 
DZUS FASTENER EUROPE LTD. 





Sales Agents in U.K., Thomas P. Headland Ltd., Melon Road, Peckham, London, S8.E.15. 
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@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 


@ TWIN-CHANNEL PULSE GENERATORS, Types 
T.P.G. 100 and T.P.G. 102. 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, 
Transistorised, Printed Circuit. 


@ SCALERS, | Mc;s and 10 Mc)s, S.200 and S.20! 
Transistorised, Printed Circuits. 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 
THE AIRPORT, CAMBRIDGE, ENGLAND 





WOW THERE ARE EIGHT 
BERCO (=|. 
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L.75 L100 | L.1SO | 1.225 


! 8.66 10.00 12.50 

2 6.12 7.07 8.66 

3 z 5.00 5.75 

5 . 3.88 4.77 
7.5 3.16 3.65 
10 
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So popular has the original range of five 15 2 2. 
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Berco rheostats become that three new 50 
models have been introduced. Like all 100 
Bercostats they have five important 200 
features :— 


-————Nwwhiw 
SaaS 
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VITREOUS ENAMEL BONDED 
HIGHEST MECHANICAL STRENGTH 
MAXIMUM ELECTRICAL 
PERFORMANCE : ’ 
. en . H Ask for list 613A, which gives 
MINIMUM SIZE IN RELATION TO ; - : 
il h 
POWER DISSIPATION _ ne mage raat elas nda 
CAN BE USED IN TROPICAL 7 THE 
SITUATIONS WITHOUT ~ ; 
MODIFICATION wo BRITISH ELECTRIC 
ay ge RESISTANCE CO. LTD. 
Queensway, Ponders End, 
Middlesex. 
“Phone : Howard 2411 
*Grams : Vitrohm Enfield 
Pioneers of the toriodally wound 
rheostats in England. 











BR 1331-BXH 
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PERMANENT 
MAGNETS 





mote 


> AVAILABLE IN A WIDE 
| “seer RANGE OF MATERIALS 


| DARWINS 


x FOR ALL INDUSTRIES 


DARWINS LIMITED 


FITZWILLIAM WORKS . SHEFFIELD 
DII7A TELEPHONE: SHEFFIELD 49049 TELEX No.: 54-215 










With great experience in the 
realms of Aviation, Radar and 
Electronic Power Supplies, 
and Voitage Regulators, we 
supply machines tailor-made 
to suit the individual 
requirements of scientific 
laboratories and particularly 
of Technical Education 
establishments. 





3 unit motor generator set for Derby and 
F District College of Technology. Manufacturers of Automatic 
Voltage and Current Regulators 
Rotary Transformers and 
Convertors, High Frequency 


NEWTON BROS. (DERBY) a = Alternators and Motor 


Generators, special electrical 


D E R 3) df ALFRETON ROAD, DERBY equipment for Technical 


Education. 
Why not consult us with your queries ? Our Technical 


PHONE DERBY 47676 (4 LINES) GRAMS DYNAMO, DERBY 
Engineers will gladly visit you to help in your problem. 


London Office. IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 


EE 26 215 for further details 
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99-9999 % 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999%, 


BISMUTH - CADMIUM - INDIUM « LEAD « SILVER = ZINC 





These “* TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS * LEADENHALL AVENUE * LONDON ° E.C.3 
Telephone : MANsion House, 452/. 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 

















MINIATURE STABILISED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 

Output DC Voltages : 150v 200v 250 

Regulation 2 O-15°,, 0°025°,, 0-025", 

Voltage stabilization Ratio : 0-15 0-0755 0-0755 

Ripple : Less than 0-4mv RMS on full load 

AC Output : 63V, 2A at each socket , 


Size 2 SP" « Sh" «SY PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 
Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. ncn Nienard tose, tral wat tat 50s 
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Resistance wires and tapes for all resistors 


VACROM. ....0...004. 
EUREKA .......0x: 


High precision fine and superfine wires 
to meet the most accurate demands. 
VE Tol gel inWr-lale mm <0] g-1.¢-bar-1e-M-10] ) oli (=v MAUL NY 
lalalcrel (sie Mlamm=li talc) amr Wm ola lela) ame) ame) dlelt-y-16 
finish in accordance with B.S: or to 
meet the customers own specifications 


Supplied bare or with standard coverings 
of cotton, silk, rayon, enamel and glass. 


insulated wires bare wires. 
f 
THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED - LEYTON - LONDON €.10 


VACTITE WIRE COMPANY LIMITED - LINACRE LANE: BOOTLE 20,° LANCS. 





CORES 


We specialise in the large scale 


production of all types of 
miniature toroidal coils wound 
on cores down to 50/1000" 
diameter (as shown below). 




















50/1000” OUTSIDE DIAMETER 


Actual-size photograph show- 

ing one of our small ferrite 

ring cores mounted on glass 

base and encapsulated in resin. 

This particular core carries four S i ty O R B SS} 

windings of 20, 10, 10 and 5 

turns of 48 s.w.g. enamelled In addition to the manufacture of coils and components 
wire. we undertake the assembly of complex equipment 

Coils such as these are manu- such as this unusual Matrix Store for a 100-channel 


Analyser shown above. 
(As supplied to A.E.I. Ltd., Instruments Division) 


NEWPORT INSTRUMENTS (Scientific & Mobile) LIMITED 
Please write for full details NEWPORT PAGNELL - BUCKS - ENGLAND 
Telephone: Newport Pagnell 401/2 


factured entirely in our New- 
port Pagnell factory. 
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Specialists in the manufacture of Wirewound Potentiometers for over 
30 years. COLVERN LIMITED are the foremost producers of these 
components in the United Kingdom. 

The extensive range of types in constant production comprises: 


© Standard Wirewound Potentiometers from 1 to 15 watts 
rating and including multi-ganged types. 

e A complete range of sealed wir ters and 
variab resistors conforming to British — Service 
Specifications RCS/121 and RCL/121. 

A comprehensive range of Precision Potentiometers, 
including Helical and Sine Cosine types, many incorporat- 
ing the exclusive COLVERN Cam-correction Device. 








© \/ 6 


TYPE CLR4201 

SEALED TROPICAL POTENTIOMETERS 
Designed to operate under extreme climatic 
Brush Jor = to Fn the ay reer ned 

ritish Joint Service Specifications RCS. 121. The 4 ili ‘ 

potentiometer is housed in a mineral filled mould- KHO =exceptional stability and 
ing, and effectively sealed by a metal back cover and . +1: . 
neoprene ‘O’ seais in the spindle-bush assembly. proved reliability in 


CONFORMS TO BRITISH INTERSERVICE 
SPECIFICATIONS RCS.121 AND RCL.121, 
STYL RAC-RAD(CLR. 4239) | RAE-RAF 
Type CLR.26/00 MULTI-TURN Helical Potentio- 
meter has been developed primarily for mechanical drive 
and use in servo systems. Supplied in the popular 1o-turn 


CLR.5237) HUMIDITY CLA 
version, or with any number of turns in the helix from 3 to 
20, standards being 3-§-10-15 and 20 turns. The precision- 
ground stainless steel shaft is mounted in ballraces giving 
&@ smooth torque of 1-1} oz./in. and the machined 
duralumin base has a locating spigot true with the shaft. THE STANDARD RANGE — 0:19 to 4M Q. 
SPECIFICATION: ens ° 
e aaeiee o4 watts per turn @ Resistance Range: Stability - better than 0-02 %. 
10 Q-10k 0) per turn. : 
es olerance: Standard, +5%. Best Temperature _ coefficients guaranteed. 
actical, +1%. . 
Absolute Law Accuracy: Fad +0.25% 10- Ratings - iW, iW, 4W, IW and 2W. 
pec., +0.1% f turn C. 05%, +019 
Max. Working Volts Spindle/Track 1000 D.C. Tolerances (set at 20°C.) +0-05 %, £0°1 % 
Effective Resistance Angle Tol.: +1°. ¢ Max. +0-25%, 405% and +1% or +001 2- 
Starting Torque: }¢ oz./in. . ‘ ‘ 
Min. Angle between Taps: 90°. whichever is greater. Matched pairs 


Max. Ganged Sections: 2. 
and groups to greater accuracy. 


y +. ; 
SPECIAL TYPES made to order, i.e., 


American equivalents, Miniatures, types 
TYPE CLR.91/00 for printed circuits - also, other 
CAM CORRECTED 


Originally developed for Radar Gunnery Equip- tolerances, stability, values, temperature 
ment this Potentiometer is undoubtedly the ° 
most accurate Potentiometer in quantity pro- coefficients, etc. 
duction. In addition to applications in Elec- 
tronic Computing it is an ideal instrument for 
use as a laboratory standard. 
gy om by TION: a a 
. atin, 10 watts @ esistance Range: " 
1000 1-150k Q @ Resistance Tolerance: DELIVERY — Prompt and reliable 
Standard +5%. Best Practical, +1%. 
Absolute Law Accuracy: +0.04% 
Max. Working Volts Spindle/Track: 
roooV D.C. e Effective Resistance 


Methane! Rodacion: 360° cont. Mex. | 1 LAWRENCE ELECTRONICS 


Starting Torque: 8.5 oz./in. 
Min, Angle between Taps: 10°. 


Max. Ganged Sections: 4. 53, Hornsey Road, London, N.7. 


COLVERN“LTD., SPRING GONS., Telephone; NORTH 3445 
ROMFORD virrore tomrono mm ESSEX 


Telegrams & Cables COLVERN PHONE ROMFORD 
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DESIGNED 
FOR QUICK ACCESS 


Camlocs fasten or unfasten with a quarter-turn 


EE 26 222 for further details 


CAMLOC 2600 SERIES 


Ultimate tension and shear 
strength 300 Ibs. Add sales 
appeal to your product. 
Simple to use and install. 


a ice cae 
WIREWOUND RESISTOR 





... COLOUR-CODED TO! 


CAMLOC 4002 SERIES 


Ultimate tension and shear 
strength 1,050 Ibs. The 
perfect fastener for a wide 
variety of panel and cover 
applications on _ aircraft, 
electronic consoles, elec- 
trical equipment, _ etc. 
Choice of many head styles 
and receptacles. 


u 





CAMLOC SPF — STRESSED 
PANEL FASTENER 

Ultimate tension strength 
2,210 Ibs. Ultimate shear 
strength 4,650 Ibs. A high- 


8/- precisely for a precision resistor. That's a great strength shear fastener 


saving. But it’s only a start. The revolutionary new 


Ashburton production process has not only radically 
reduced cost. 

It has achieved two more very important results. 
Firstly, the quality of each precision resistor is 
actually improved (performance details with pleasure). 
Second, it has made possible a completely new 
system of colour-coding. The actual resistors are 
coloured, red 1%, green 0.5%, yellow 0.25%, and 
blue 0.1°%, according to tolerance. Saving time at 
every stage from ordering through storage to final 
assembly Price. Quality. Convenience. You get 
the best in every way when you use Ashburton 
precision resistors. 

* Illustrated: 100 ohm. } watt 1° precision resistor, 
8/- precisely. This unit is made in four standard 
tolerances set at 20°C. down to 0.1 °%—all at similarly 
cost Saving prices. 


ASHBURTON RESISTANCE CO. LTD. 
72 Brewery Road London, N.7. Tel: NOR 1168 


combining the speed and 
ease of operation of a 
quarter-turn fastener with 
the strength and security 
of a screw. Especially suit- 
ed for high-speed aircraft 
and missiles. 








My 


Write for catalog No. E 60 


More than 20 years of designing and manufacturing quick- 


operating fasteners has made 


SPECIALISTS 
IN FASTENERS 
FOR INDUSTRY 


ASHBURTON 


CAMLOC FASTENER GMBH 
FRANKFURTERSTRASSE 36 (Technical Representative 
KELKHEIM/TAUNUS, GERMANY in Great Britain) 
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TWO LITTLE SO-LOWS 





and worth a bit of a song, too, for we 
can now produce these very tiny, carbon 
composition volume controls in an 
astonishing range of resistance values, from 


3 M{]Q) down to 1|OND 


If you can’t believe your eyes, the actual sizes are: 


VS 26 -450" dia. 112’ thick 
VS 32 °312’ dia. -150° thick 





























That’s not all— each has an on-off switch built in! 


If you’re interested we will gladly send full details 


FORTIPHONE LTD. (Dept.2) - COMPONENTS DIVISION - 92 MIDDLESEX ST., LONDON, E.1 








HIGH TENSILE BARS up to 43” diameter. 
ROLLED AND MACHINED BARS up to 6” diameter. 


WIRE in all sizes from 0.0076” diameter upwards. 


STRAND. SHEETS up to 6ft. x 3ft. x jin. diameter upwards. STRIP AND FOIL 


DRAWN SECTIONS MACHINED PARTS NUTS AND BOLTS 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, London Office & Export Sales Department : 
Lancashire. Telephone: Widnes 2022 168 Regent St., W.I. Tel.: REGent 6427 
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TE-KA-DE 


SEMI-CONDUCTORS 


) 
/ 


V 
Current production includes GERMANIUM 


@ All glass diodes @ HF Transistors 
@ Power Transistors @ Also COPPER 
OXIDE RECTIFIERS & MODULATORS 


Full details and catalogue from sole U.K. agents: 


NEOFLEX LTD. 


123a NEASDEN LANE, LONDON, N.W.10 
Tel: GLADSTONE 2718 & 4075 


EE 26 225A for further detaits 
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WE ARE MANUFACTURERS OF : 
STANDARD ELECTRONIC INSTRUMENT 
CUBICLES—CONSOLES—CASES 
7 =—72 " 
AND ANCILLARY PARTS 
SEND FOR OUR BROCHURE 
THE P & H ENGINEERING COMPANY LIMITED - HUNTINGDON : Tel 








For the best transformers— 
and the best service— ® OE 


EXTERNAL & INTERNAL 
MICROMETERS 
e 


O HEIGHT 
; GAUGES 
STANDARD 


‘phone EL Minin 6 6737-8 


Higher quality workmanship, 25 years’ MODIFIED AS 

experience and a reputation for reliability— REQUIRED f 

these are the features of the Partridge Trans- f SPECIAL 

former Service. A comprehensive range of MICROMETER HEADS 
types, mounting styles and applications is at 4 MADE TO ORDER 
your disposal, and one of our Engineers can be / 

at your desk within a few hours to discuss 
requirements if you need prototypes. 





Catalogue Available on Request 


Telephone now 


SHARDLOW MICROMETERS LTD. 
artridge PETRE STREET, SHEFFIELD, 4 


AGENTS: 
LONDON W. Jj. BITHELL LTD 41, WHITEHALL, W.1 


PARTRIDGE TRANSFORMERS LTD. GLASGOW SHARDLOW MICROMETERS LTD 19, WATERLOO ST., C2 


‘ 2 . P) ” 
Cy ROEBUCK ROAD, CHESSINGTON SHEFFIELD JAMES M. WRAGG & CO. LTD. SUSSEX ST. 4 
SURREY 


‘ies BIRMINGHAM SHARDLOW MICROMETERS LTD. 202, LORDSWOOD ARD., 
HARBORNE, 17 
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[| wherever 
| speed frequency 
|| |or voltage is 
controlled 
you ll find 


TRANSDUCTOR 
AND MAGNETIC 
AMPLIFIER SYSTEMS 


Type 1000 


Encapsulated transductors for Clima- 
tic Classification 40/70 HI. Inter- 
Service Type Approved as specified in 
R.C.S. (Prov) 217 
Supply Freq D.C. Output 
50 c/s From 0°005W to 11W 
400 c/s From 1W to 145W 


Type 2000 


Open-type transductors for Climatic 
Classification 40/70 H2. Used in steel 
works, coal mines and similar situa- 
tions demanding robustness and 
reliability. 
Supply Freq. D.C. Output 
50c/s From 50Wto 500W 
400c/s From500W to4000W 


Type 3000 


Toroidal core transductors encapsu- 
lated in any epoxy-resin to meet 
Climatic Classification 40/70 HI. 
Admiralty approved; used extensively 
in Service equipment. 


Supply Freq. D.C. Output 
50c/s From 50Wto 250W 
400c/s From500W to 2000W 
Type 4000 


The construction of these transduc- 
tors is such that they can be supplied 
as either 1, 2, or 3element assemblies 
Climatic Classification 40/70 H2. 


Supply Freq. D.C. Output 
50c/s From 50Wto1000W 
400c/s From 500W to8000W 


The Sanders range of high performance transductors 
is ideally suitable for use in automatic control 
systems and applications where size, weight and 
quality are important. A comprehensive selection 
exists for operation from both 50 c/s and 400 c/s 
a gee In addition a large selection is produced 
with windings to suit individual requirements. 


This is one of a series of new 
instruments and components by 


THE 


QMUANE 


GROUP OF COMPANIES 


W. H. SANDERS (ELECTRONICS) LTD 


STEVENAGE * HERTS 
Telex 82159 Sanders Stev 


GUNNELS WOOD ROAD 
Telephone: Stevenage 961. 
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Lex or miniature low voltage 


STABILISED POWER UNITS 
Models LT. 12-05 & LT. 24-05 


Fully transistorised. 

Zener diode reference. 

Totally enclosed. 

Cool running. 

Floating output with earth terminal. 
Variable or pre-set control. 


£25 -7-0 


each 
with quantity 
discounts. 


Delivery 
Ex Stock 


PRECISION 
PERFORMANCE 


Voltage ranges: 5.5-14V or 18-28V, continuously variable. 
Output current 500 mA maximum. 
Regulation: better than 0.15%, for +10", 
and/or zero to full load. 

Ripple: less than 2.5mV. 

Impedance: less than 0.040). 


mains change 





Full specification No. 138 from 


LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD, COVENTRY 
EEE Telephone: COVENTRY 72614 Ey 








~ 


WIREWOUND RESISTORS 

— PRECISION — 

— VITREOUS — 

— COMMERCIAL — 
= | TRANSFORMERS, CHOKES 
AND ALLIED PRODUCTS 


a 
ot 


a VITREOUS 3 





ERG INDUSTRIAL CORPORATION LTD 


+ DUNSTABLE - BEDS - Tel: Dunstable 224] 
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MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


A Subsidiary of The British Xylonite Co. Led. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex-stock in sheets and rods in a range of 
thickness and diameters. 

a 


Information and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
‘Phone: EUSton 4146/7. ‘Grams: Celudol Norwest London 
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COMPANY LIMITED 


MILLTOWN ST., RADCLIFFE 
x Nr. MANCHESTER 
TELEPHONE: RADCLIFFE 2675 















































C.W, 5327. 
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SOLDERING EQUIPMENT 
by 


DCO 


(Regd. ade Mark) 


(Ilustrated) 
A,” DETACHABLE 
BIT MODEL 
(List No. 64) 
as 
PROTECTIVE 
SHIELD 
(List No. 68) 


Supplied for all Voltoges Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid, etc 


Write for Catalogue 


Manufacturers 


ADCOLA PRODUCTS LTD., 
GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACeulay 310! & 4272 Telegrams : Soljoint, London 


ELECTRONIC ENGINEERING 
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Ss) 


Flexible Insulants 
to meet every 
electrical need 


CLOTHS and TAPES to comply with Thermal 
Classifications A, E, B, F and H, combining 
high dielectric properties with mechanical 
strength and resistance to flexing and abrasion. 
Cotton, Glass and Terylene base materials 
coated with specially developed resins. 






WIREWOUND RESISTORS 
— PRECISION — 
— viTREOQUS — 

=  —COMMERCIAL — 

| TRANSFORMERS, CHOKES 

= AND ALLIED PRODUCTS 


























Please write for technical brochure 











ERG INDUSTRIAL CORPORATION LTD 1oco LIMITED 


LUTON ROAD WORKS - DUNSTABLE - BEDS - Te/: Dunstable 2241 ANNIESLAND, GLASGOW, W.3. Scotstoun 5501/6 














FRONT OF PANEL 


NEE vw FPRINTED CiIHRCwviTtT 
CECE NT Qwu =: 


VEROBOARD introduces a new concept in electronic construction with 
printed circuit advantages at low cost. The pattern of holes and strips of 
copper bonded to Veroboard enable any circuit to be made up quickly in 
a finished form which can go straight into production. Standard Veroboard 
is made in sheets 74” thick, 4-8" wide and 18" long. 





: Vero Electronics, a division of Vero Precision Engineering Ltd., South Mill Road, Southampton. Tel: 71061 
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NEW Races METERS 


NEW MINIATURE NEW CONTEMPORARY METERS 
EDGEWISE METER TAYLOR “VISTA” RANGE 


A completely new range of 
modern style Panel Meters in 
2°—6” mouldings incorporating 
our well-established centre pole 
movement of extreme robust 
ness. Cases available in various 
colours sensitivities from 5 
micro amps 


Very competitive prices 


Edgewise Meter, Model 220 a es i U A L S | Z E 


A new miniature Edgewise Meter occupying approximately one quarter 


% OPEN SCALES 


panel area compared with meters having equivalent scale lengths 
Transparent case provides shadowless readings and design of the MODERN DESIGN 


mouldings allows room for self contained circuitry and components 


Our centre pole movement is incorporated, providing inherent mag- * HIGH SENSITIVITY 


netic shielding, allowing meters to be mounted in close proximity 

Comparative readings can be obtained by mounting two Edgewise 

Meters next to each other We also manufacture a wide range of Electronic Equipment including: Multi-range Meters, 
Valve Testers Oscilloscopes Generators Valve Volt Meters; Wobbulators; Audio 


* MAXIMUM READABILITY * LIGHT Generators; Bridges, etc., as well as a wide selection of other Panel Meters incorporating 
* MINIMUM PANEL SPACE WEIGHT our robust centre pole movement 


Write for TAYLOR ELECTRICAL INSTRUMENTS LIMITED 


Fase MONTROSE AVENUE, SLOUGH, BUCKS. Telephone: Slough 2138! Cables: Taylins, Slough 
etails: 
re Member of the METAL INDUSTRIES Group of Companies 


ed 





INTERNATIONAL 
SYMPOSIUM 


INSTRUMENTS FOR... SEMI CONDUCTOR 


DEVICES 


LEVEL 
TEMPERATURE ——— BY THE 
FEDERATION NATIONALE 
INDICATING PRESSURE DES 
INDUSTRIES ELECTRONIQUES 
FLOW 
AND 


MICRO-MOVEMENT ORGANIZED BY THE 
RECORDING SOCIETE FRANCAISE 
CURRENT DES 


VOLTAGE ELECTRONICIENS ET 


RADIO-ELECTRICIENS 
MURATA | issoratory 


Send for brochure EE/G stating measurement required. 





UNESCO HOUSE - PARIS 
1425, AVENUE DE SUFFREN 


EP SAR FROM 20th to 25th FEBRUARY, 


FIELDEN ELECTRONICS LIMITED ' WYTHENSHAWE MANCHESTER 
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the name that counts 


























Let Veeder electrically-operated counters solve your 

counting problems. General Purpose or Heavy Duty 

long life magnetic counters will keep you in contact with facts. 
Suitable for most voltages, both AC and DC 

and fully resettable. Send to Division W for details. 


Electrical and mechanical counters for all purposes. 


VEEDER-ROOT LTD 


Division W King Henry’s Drive New Addington Surrey 








METEOR co 


is — as AgCom es (SWISS MADE) 


Ge DAVID DOWLING No gears to cause backlash 
Model 713 Bench ENGRAVING MACHINE 


Suitable for winding wires as small 
as 0.0004 in. diameter. Arranged for 
single or multiple winding; layer 
shortening device available. Traverse 
is obtained by magnetic 

clamping on to a non- 

reversing steel tape with 

extremely fine reversal 

settings by micro limit 
switches. 

Stops auto- 

matically if 

wire breaks. 


Gives reductions from 1:2 to 1:8 as required. Exceptionally fast 
operation enabling engraving to be carried out nearly as fast as ordinary 
writing. Exceptionally sensitive balanced pantograph, giving automatic 
withdrawal of cutter and tracer. 


ideal for ELECTRICAL NAME PLATES AND PANELS 
Write for full details of our range of ENGRAVING EQUIPMENT 


to: 


Demonstrations arranged at 


DAVID DOWLING LIMITED 
our London works on request. 


HAROLD WOOD . ROMFORD . ESSEX . Tel.: Ingrebourne 43904 Please write for leafiet. 
Sole Agents for the U.K.: 


Visit our Stand. Engineering Industries Association Exhibition ACBARS LTD 

Royal Horticultural Hall, London, $.W.1—(8th-20th October!960 o 

STA HOLBORN VIADUCT, LONDON, E.C.!. CENtral 2287/8/9-681 1/2 
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VirREos| L 


PURE FUSED SILICA 


VITREOSIL 
TUBES AND SHEATHS 


EE 26 244 for further details 


Electric furnace construction is one of the many applications of 
these tubes which, when wound with resistance wire, make a simple 
and inexpensive furnace. Equipped with an inner Vitreosil tube, 
such furnaces are very useful for combustion and other analytical 
work. These tubes, supplied in sand-surface or glazed finish, are 
eminently suitable for temperatures up to 1050°C. Fused silica has 
the lowest coefficient of expansion of any manufactured material, 


and is most resistant to thermal shock. 


We also manufacture an extensive range of Vitreosil Laboratory Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No.6, WALLSEND, NORTHUMBERLAND. Tel.: Wallsend 62-32 42/3 


LONDON: 9, BERKELEY STREET, W.!. 


HYDe Park 1711/2 





AUTOMAT. 
TRANSFORMERS 


sd) yet 


124 


= 


4 


RECTIFIERS 
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| 
| 
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DC. 
EQUIPMENT 


She best you Clk bu 7 


AUTOMAT - MOORSIDE RD - SWINTON: MANCHESTER 
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A.C. SOLENOID TYPE SCM. 


Continuous 3 ozs. at 4° 





Instantaneous to 2 Ibs. 


Larger sizes available. 
Also-Transformers to 7kVA 
3 phase 


9/10ths full size 


R. A. WEBBER LTD. 


18 POREST ROAD, KINGSWOOD, BRISTOL. PHONE : 67-4065 
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YOU are invited to apply for a 
copy of our 1960 _ illustrated 
brochure and price list which gives 


us 


full details of our wide range of 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy Reliability 


THE QUARTZ CRYSTAL Company Ltd. 


Q.C.C. Works, Wellington Crescent, New Maiden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quartzco, New Maiden 
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IT COSTS NO 
TO BUY 


Specify WESTON 
on your equipment 


The demand created by the high 
quality of Weston meters is such that 
production techniques can be em- 
ployed which enable these outstand- 
ing instruments to be produced at 
competitive prices. 


There can be no finer 
advertisement for your equipment 
than the name ‘‘Weston’’ 
on the meters installed 


SANGAMO 


WESTON 


MORE 
THE BE 


** Advance Components Transistorised Counter Type TC.1, 
used for time, frequency and periods measurement.” 


LIMITED -+>- E€EnNFI Eto +- MIEDODODOX 
Telephone: Enfield 3434 (6 lines) & 1242 (6 lines) Grams: Sanwest, Enfield. 


SW.117 























“BQ” 


DRAWER 
UNIT 


ALL STEEL 
Stove 
Enamelled 
DARK 
GREEN 


OVERALL 
SIZE 
42” HIGH 
35” WIDE 
117” DEEP 








Contains 54 of these drawers, 
each 5” wide 3” high 11}” long. 
54 dividers and 54 drawer cards 
with each unit. Extra dividers 
6d. each. 


£ l 8 DELIVERED FREE to 


ENGLAND, SCOTLAND and WALES 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) 





** Q-MAX ”’ 
SHEET METAL PUNCHES 





Patent No. 619178 and Patents 
pending. 


Round, Square and Rectangular 
The easiest and quickest way of 
punching holes in SHEET METAL 
LIST OF SIZES AND 
PRICES ON APPLICATION 














** Q-MAX”” 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
without application of power. for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
15 co 300 Mc/s im eight ranges. 
PRICE 15 Gns. Complete. 


available 
on request 


SOLE LONDON 
DISTRIBUTORS OF 


ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
AND SOCKETS 


A full range of connectors from 2 to 
33 way. proven m use by the 
electronic industries of the world 











; 
Pet 
eek 


. 


e 
me 
fa. 


bs 
ay 








. 
= Pee Y 
illustrated | 
CATALOGUE | 
CD 


25 HIGH HOLBORN, LONDON, W.C.! 
Tel.: HOLborn 6231/2 
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500,000 - and Nor A 
SINGLE REJECT! 


The CS3. the unique construction of the 

Panorama Aerial Socket Tyoe CS3 has made 

it a great success. 

SPECIAL FEATURES 

* Completely insulated from chassis. 

%* Soldering lugs designed to maintain 
insulation during soldering. 

% Standard fixing holes and spacings, 
enabling direct replacement. 


* Trouble-free long life. 


PANORAMA RADIO CO 


73 Wadham Road swis Telephone: Vandyke 5300 


all types of PRESSINGS 
re from this 


\ modern factory 


rey 


Putney London 





Makers 
of 
reliable 
springs 
since 
1920 


ita TEE avai at 


nal as THE ERE 


CLARKES (Redditch) LTD 


Sinew Works REDDITCH Worcs 
Tel: 100 
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THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 


EX-STOCK 
DELIVERY 


OVER i00 
STANDARD 
COMBINATIONS 


Full Litercture and Price List from: — 


LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD 
COVENTRY 
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"To a chap like me— 
and I'm proud of my work — my penclil's 
my living. 
Tne pencils | use have to stand up to fast 
hard work, their grading's got to 
be absolutely spot on— not almost 
or nearly but bang on the dot every 
time. 
The leads must hold their points 
and flow smoothly throughout a long line 
no crumbling or ‘clinkers’ mark you ! 
and If | erase a line It must go cleanly 
there's no ‘furrow’ left In my paper 
so you won't find ghost lines In prints 
made off my drawings. As a matter of 
fact you can tell from a print when it is 


my drawing —thie print's always first class.” 
“What penciis do | use?” 


“Venus drawing pencils of course, the ones 
with the crackle finish !— how else 
do you think | keep up my high standard?” 


DRAWING 
PENCILS 


# VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 


THE VENUS PENCH CO., LTD.. LOWER CLAPTON ®0OAD. LONDON ES. 
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*“CERAMITE”’ 


(Regd. Trade-Mark) 


CERAMIC EMBEDDED RESISTORS 
TYPE APPROVED - CLASS H.1 


Values up to 200 k.ohms: ratings 5-200 watts. 


New catalogue TG. Issue 4 available on request. 




















BELLING & LEE LTD 


x ENGLAND 





TERMINALS PLUGS & SOCKETS GLASS SEALS 
CIRCUIT PROTECTION DEVICES 
INTERFERENCE FILTERS - RECEIVING AERIALS 
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OFFICIAL 


AVO 


REPAIR SERVICE 








All repairs guaranteed 12 months. 
QUICK SERVICE. Our Staff is fully trained by AVO 
LTD. Final tests and calibration carried out on AVO 
test equipment. Repairs sealed with the AVO seal—the 
mark of Perfection. 
FARNELL INSTRUMENTS LIMITED 
YORK ROAD WETHERBY _ Tel: Wetherby 2691/2 
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PRESS-IN" 


TERMINALS creo 


AMPS ALL FITTING 
SEND FOR LEAFLET SAME MOUNTING RAIL 


D. J. EQUIPMENT (HERSHAM) LIMITED 
43 QUEENS ROAD, HERSHAM, WALTON-ON-THAMES, SURREY Tel: 27672 
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Mechanical Relay Latch 


FOR 
P.O. TYPE 


3000 


This = latchin device 
enables the P.O. 3000 
type relay to be held in 
the closed position when 
the coil is de-energised 
and until manually re- 
leased. 


Does not impair the 
versatility of the contact 
arrangements, nor affect 






the normal mounting 
position. 
2 
iNustrations show 3000 Type 
WILL Relay fitted with ‘‘Remote"’ 
TRIP AND & “‘Local’’ release latch. 
HOLD 
ON EITHER TYPE CAN GE FITTED TO 
A.c. OR D.C. YOUR EXISTING 3006 TYPE RELAYS 
IMPULSE IN A MATTER OF MINUTES 
e Please send for illustrated leaflet. 


frock LEE, (Helays) Led. 


el Relel. 
LANGHAM 4862! 


DEPT.E.) TUDOR PLACE, 
TELEPHONES :>MUSEUM 7960 


ELESTA 


PRECISION COLD CATHODE TUBES 


HIGH-SPEED MINIATURE 
DECADE COUNTERS & SELECTORS 











EZ. 10A EZ. 106 

(Provisional) 
Max. Counting Rate . 300,000 I million p.p.s. 
Anode Supply Voltage 560 580 V 
Anode Sustaining Volt 270 300 V 
Anode Current 1.3 1.5 mA 
Pulse Drive Peak Amplitude 80 100 Vv 
Output Pulse Amplitude : 7 7Vv 
Cathode Resistors ; 6.8 6.8K-Ohms 


Data Sheets & Circuits supplied on request. 


BRITEC LIMITED 


17 CHARING CROSS ROAD, LONDON, WC2 WHI 3070 


Distributing 
Agents 


48x21 dmn 
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(Actual Size) 


tropyfol 


CAPACITORS 


Metallized 


Reduction in volume by about 50°/, and more as 


compared to paper capacitors. 


Maximum reliability in service owing to self- 
healing properties of the conducting layer. 





Safe HF contact and low induction by means of 
full front-end contact. 


High reliable insulation resistance. 
Moisture proof. 
Capacity tolerance + 10°, 


Wide temperature range: —55°C to + 100°C. 


Working voltage ranges: 125 V— and 400 V 


This miniature capacitor for modern circuit 
design is available at the moment in small to 
medium production quantities in values 
ranging from 1!000pF up to and inclusive of 
-1/400 V—. 


FULL TECHNICAL SPECIFICATION AND PRICES FROM 
SOLE U.K. AGENTS: 


WAYCOM LIMITED 


Empire Buildings, Duke Street Hill, London, S.E.! 
TEL: HOP 2538/9 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, |4s. Box number, 


2s. extra, except in the case 


Specially Spaced Classified—50s. Od. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the |4th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £75 (based on specially spaced classified rates). 


advertisements for ‘‘Situations Wanted"’, when it is free. 


Half Pages, Quarter Pages and 


Eighth Pages pro rata. Copy dates: With proofs, Sth of preceding month. Without proofs, 10th of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., “Electronic Engineering’’, 28, Essex Street, Strand, London, W.C.2. 





OFFICIAL APPOINTMENTS 


CENTRAL ELECTRICITY GENERATING 
BOARD Eastern, London and South Eastern 
Region, Research and Development Department 
Assistant Engineer—-Research and Development, 
Electrical Branch, provisionally based at Cock- 
fosters, Hertfordshire. The successful candidate will 
be responsible to the Research and Development 
Section Head, Electrical Branch, and will assist in 
the electrical laboratory and with varied and interest- 
ing field work on technical problems concerning 
electrical plant. Experience in electronic, telecom- 
munication and measurement techniques is required 
and a knowledge of circuit design would be an 
advantage. Ability for applying theory to the 
practical solution of problems is essential. A recog- 
nized electrical or electronic engineering qualification 
leading to Corporate Membership of the Institution 
of Electrical Engineers or British Institution of Radio 
Engineers is desirable and previous research and 
development experience would be an asset. The 
successful candidate will be required to live within 
reasonable distance of the above location. Salary 
N.J.B. Class CX Grade 6/8 £1,155-£1,780 p.a. 
including London Allowance. Applications stating 
age, qualifications and experience should be for- 
warded to the Regional Secretary, Ergon House, 
Horseferry Road, Westminster, S.W.1, to arrive not 
later than 14th October, 1960 W 4001 


ELECTRICAL ENGINEER = (Telecommunica- 
tions). An engineer is required with at least three 
years’ professional experience in development and/or 
research in any branch of Telecommunications. A 
good honours degree is essential. The successful 
applicant will be expected to teach the subject to 
students at undergraduate and Higher National 
Certificate level and to engage in the development of 
laboratory work. Previous teaching experience is not 
essential but a good personality and the ability to 
communicate ideas to others is necessary. Salary on 
Lecturers’ Scale (£1,370 to £1,550 by annual incre- 
ments of £35). Suitable industrial, professional and/or 
teaching experience will be taken into account in 
fixing the starting salary. Full equal pay for women 
from Ist April, 1961. Possibility of promotion to 
higher grades Contributory Pension Scheme. 
Normal college vacations. Applciations should be 
addressed to the Principal, Medway College of 
Technology, Horstéd, Maidstone Road, Chatham, 
Kent W 4002 


LECTURING STAFF (Assistants, Grade B) 
War Department. Posts for men: (a) | at R.E.M.E. 
Training Centre, Arborfield to teach Electrical 
Engineering (including Electronics or Light Current 
subjects); (b) 2 at Army Apprentices School, 
Harrogate (to teach Electrical Engineering); (c) 2 at 
Army Apprentices School, Chepstow (to teach 
Building or Electrical Engineering (power produc- 
tion, not electronics); (d) | at Army Apprentices 
School, Arborfield (to teach Electronics). Qualifica- 
tions: University degree, H.N.C., or equivalent in 
appropriate subject. Teaching experience desirable. 
For post (d) practical experience in radar, tele- 
communications, computing, electronic control, or 
measurements essential. Burnham Scales for 
Institutions of Further Education. Post (a) carries 
an allowance of £115 p.a. Write Civil Service 
Commission, 17 North Audley Street, London, W.1, 
for application form quoting $/5202/60. Closing 
date 20th October 1960. W 3995 
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MINISTRY OF AVIATION ‘require Engineer 
at National Gas Turbine Establishment, Pyestock, 
Hants, to undertake practical development over 
wide range of electronic, electro-mechanical and 
mechanical instrumentation and meet the varying 
requirements of gas turbine engine test work. 
Qualifications Applicants should have served 
recognized Engineering apprenticeship and be 
corporate members of Institution of Electrical, 
Mechanical or Civil Engineers, or equivalent. Should 
have experience of instrumentation practice generally 
and ability to maintain reliability and clear faults 
from systems and modify and adapt them to meet 
changing needs. Versatile practical engineer is 
sought and previous experience of engine test-bed 
practice advantageous. Salary: £780 (age 25) to 
£1,220 p.a. Commencing salary, £1,065 p.a. at age 
34 or over. First-class experience for men interested 
in this field of work with excellent career prospects 
and opportunities for establishment. Forms from 
Ministry of Labour, Technical and Scientific Register 
(K), 26 King Street, London, S.W.1, quoting 
DS556/0A. W 3988 


MINISTRY OF AVIATION requires Technician 
at Luton, Beds., as member of inspection team at a 
contractor's works engaged in development and 
production of electronic and electrical assemblies, 
sub-assemblies and test gear. Duties include super- 
vision of skilled staff engaged in inspection and 
testing. Quals. Recognized eng. apprenticeship or 
equiv. training. ONC., C. and G., Final Certs. or 
equiv Knowledge of inspection methods or 
experience in use of normal range of electronic test 
gear. Salary £950-£1,085. Application form from 
Manager (P.E.2826), Ministry of Labour, Profes- 
sional and Executive Register, Atlantic House, 
Farringdon Street, London, E.C W 4003 


MINISTRY OF AVIATION requires Technician 
at Larkhill, Wilts., for operation and maintenance of 
telemetry installations Quals. Recognized eng 
apprenticeship or equiv. training. ONC, C. and G 
Final Certs. or equiv. Exp. in multi-channel tele- 
metry systems or knowledge of high frequency 
receiving systems, frequency modulation techniques, 
etc. an advatage. Salary £825 (age 28)—£925 
Application forms from Manager (P.E.2827), 
Ministry of Labour, Professional and Executive 
Register, Atlantic House, Farringdon Street, London, 
E.C.4. W 4004 


MINISTRY OF AVIATION requires Technician 
at Brough, East Yorks to supervise inspection at 
works of aircraft contractor, psrticularly inspection 
and test of electrical, radio, radar and instrument 
installations in prototype and production aircraft. 
Quals. Recognized eng. apprenticeship or equiv. 
training. H.N.C. or equiv. Sound knowledge of 
light electrical engineering and of electronics, 
preferably as applied to aircraft installations. Ability 
to make critical assessments of design features in 
relation to reliability an advantage. Salary £1,055 
£1,295. Forms from Ministry of Labour, Techricaj 
and Scientific Register (K), 26 King Street, London, 
S.W.1, quoting DS91/0A. Closing date 21st Octoder, 
1960. W 3996 


MINISTRY OF AVIATION requires Technician 
at West Freugh, Wigtownshire, for the operation and 
maintenance of telemetry installations. Quals. 
Reccgnized eng. apprenticeship or equiv. training, 
ONC., C. & G. Final Certs. or equiv. Exp. in 
multi-channel telemetry systems or a knowledge of 
high frequency receiving systems, frequency modu- 
lation techniques, etc. an advantage. Salary. £825 
(age 28)—-£925. Application forms from Manager 
(P.E.2880), Ministry of Labour, Professional and 
Executive Register, Atlantic House, Farringdon 
Street, London, E.C.4. Ww 


PATENT EXAMINERS and Patent Officers 
Pensionable posts for men or women for work on the 
examination of Patent applications. Age at least 21 
and under 29 (36 for Examiners), with extension for 
Regular Forces service and Overseas Civil Service 
Qualifications: Normally First- or Second-Class 
Honours Degree in Physics, Chemistry, Engineering 
or Mathematics, of equivalent attainment, 
or professional qualification, eg., A.M.LC.E 

A.M.1.Mech.E., A.M.LE.E., A.R.LC London 
salary (men), £655-£1,460; provision for starting pay 
above minimum. Promotion prospects Write, 
Civil Service Commission, 17 North Audley Street, 
London, W.1, for application form, quoting $128/60, 
and stating date of birth. W 3989 


RHODESIA RAILWAYS. Vacancies for Signals 
and Communications Engineers. Vacancies exist on 
the Permanent Staff for Signals and Communications 
Engineers for service in the Chief Engineer's Depart- 
ment of the Rhodesia Railways. Preference will be 
given to applicants who have had previous experience 
in the design, installation and maintenance of modern 
colour light signalling and/or telecommunication 
systems with a Railway Administration or with a 
firm of equipment manufacturers. Applicants should 
hold a degree in Electrical Engineering at a recognized 
University or be Corporate Members of the Institu- 
tion of Electrical Engineers. Graduate Members of 
the Institution will also be considered. Successful 
candidates will be expected to become Corporate 
Members of the Institution of Railway Signal 
Engineers in due course. The salary scale for Assistant 
Engineers is £1,000 to £1,800 per annum, plus a Cost 
of Living Allowance, at present calculated on 12 per 
cent of the basic salary, subject to a maximum of 
£13 Ss. Od. per month. The commencing salary will 
depend upon previous experience of applicants 
The annual increments im the above scale are as 
follows: £1,000 «£100 to £1,200, £1,200 £50 to 
£1,500, £1,500 « £100 to £1,800. Further advance- 
ment to the grade of District Signals and Communi- 
cations Engineer on the salary scale £1,800 » £100 to 
£2,100 is possible as and when vacancies occur 
Promotion to these posts is by selection. Membership 
of the Contributory Pension Fund and Medical Fund 
is obligatory and the usual Railway privileges in 
respect of travelling concessions, leave, etc. will 
apply. Income Tax in the Federation is not un- 
reasonable and at the present time a married man 
with one child earning £1,100 per annum would not 
be liable. Housing is provided at a moderate rental 
for married Engineers; the rental payable is £7 10s. Od. 
per month for Officers in receipt of a salary under 
£1,700 per annum, and £10 per month for Officers 
in receipt of higher salaries. Full particulars with 
regard to age, training, qualifications and experience 
should be submitted, together with copies of recent 
testimonials to: The London Agent, Rhodesia 
Railways, 241 Salisbury House, London Wall, 
London, E.C.2, from whom full details regardin 

conditions of service may be obtained W 401 


THE HOSPITAL FOR SICK CHILDREN, 
Great Ormond Street, London, W.C.1. Technician 
required in new medical Electronics workshop, 
engaged in maintenance and development work of 
apparatus, used in various hospital departments. 
Salary scale, £600 « 20 (2) 25 (4)-£740 p.a. O.N.C. 
plus 2 years’ experience in Light Engineering, 
Electrical, Electronic, Physics fields, or equivalent. 
Application forms obtainable from the House 
Governor. W 3982 
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ELECTRONIC EQUIPMENT 
& ENCAPSULATED COMPONENTS 


PLUG-IN FIELD CABLE 
OSCILLATOR TEST SET 


This fixed frequency oscilla- This tester locates the 
tor is constructed on a position of breaks or 
standard octal base and en- short circuits in sheath- 
capsulated in epoxy resin. ed conductor cables to 
Output: 10 mw into a 600 within a fraction of an 
ohm load. Frequency: As inch. 

required within the range 

700-2000 c.p.s. sinusoidal. 





NR, TRS INSPECTION MIRRORS 
AMPLIFIER This mirror, which is specially made for the G.P.O., is 
adjustable. This is particularly suitable for use on switch- 
An example of the design boards and in cable forms where it can be inserted ina 
and manufacture of an flat position and the mirror then inclined to the required 
encapsulated transistor angle for viewing. 


amplifier in epoxy resins. ene iS 
WHITELEY ELECTRICAL RADIO CO. LTD > MANSFIELD: NOTTS 


WA/I4 




















PREGISION ALTERNATING GURRENT 
AND VOLTAGE MEASURING EQUIPMENT 


ACCURACY -0°05 ", 
( 3 — 300 Volts 
RANGE . 9mA — 5 Amperes 
20c/s— 10 Ke/s 
Note:- THE ONLY ACCESSORY NECESSARY FOR USE WITH THE ABOVE INSTRUMENT 


IS A HIGH GRADE D.C. POTENTIOMETER. FOR FULL DETAILS OF THE 
SPECIFICATION, OPERATION AND USES OF THE ABOVE PLEASE CONTACT:- 


CROYDON PRECISION INSTRUMENT CO. 


HAMPTON ROAD, CROYDON, SURREY. TELEPHONE: THO 4025, 4094 
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OFFICIAL APPOINTMENTS (Cont’d.) 





THE SCIENTIFIC CIVIL SERVICE needs men 
and women for pensionable posts as (a) Senior 
Scientific Officers and (b) Scientific Officers in all 
major scientific fields, including Physics, Engineering, 
Chemistry, Meteorology, Mathematics and Bio- 
logical — Some particular vacancies include 
Physicists/Electrical Engineers for research in the 
application of servo-control for machine tools, 
Physical Chemists, Chemists for research in high 
polymers, posts at Army Operational Research 
Group for scientists in most disciplines, Botanist 
for study of bryophyta for work at the Institute of 
Aviation Medicine, Mineralogist to work on 
Meteorites (Petrologist with sound knowledge of 
Physics preferred), and Zoologist to specialize in 
the taxonomy of the Porifera. Qualifications: 
normally first or second class honours degree in 
science, mathematics or engineering, or equivalent 
attainment; additionally, for (a), at least 3 years’ 
relevant (e.g. post-giaduate) experience. Normal age 
limits: (a) between 26 and 32, (b) between 21 and 29, 
with extension for regular Forces service and Over- 
seas Civil Service. Selection by interview. London 
salaries (men): (a) £1,330-£1,640, (b) £730-£1,205; 
provision for starting pay above minimum. Promo- 
tion prospects, Write Civil Service Commission, 
17 North Audley Street, London, W.1, for applica- 
tion form, quoting (a) 8/53/60, (b) S/52/60. W 3994 


THE UNIVERSITY OF MANCHESTER. 
Applications are invited for the post of Research 
Assistant at the Nuffield Radio-Astronomy La- 
boratories at Jodrell Bank. The post is intended for 
development and construction of low noise para- 
metric amplifiers for use with a 250 ft. radio telescope. 
At least two years’ electronics experience essential. 
Duties to commence as soon as possible. Salary 
according to qualifications and experience. Applica- 
tions should be sent not later than 10 October 1960, 
to the Director, Nuffield Radio-Astronomy 
Laboratories, Jodrell Bank, nr. Macclesfield, 
Cheshire. W 3992 


THE UNIVERSITY OF SHEFFIELD, 
Department of Physics. A research assistant is 
required to take part in a Space Research Project 
under Dr. T. R. Kaiser. The work will involve the 
development of instruments for installation in rockets 
and satellites. A candidate with graduate or 
equivalent qualifications and appropriate experience 
in electronic instrument ign and construction is 
required. Salary according to qualifications and 
experience. Applications, together with the names 
and addresses of two referees, should reach the 
Registrar as soon as possible. W 4006 


UNIVERSITY COLLEGE HOSPITAL, 
Ibadan, Nigeria. Electro-Medical Technician. 
Applications are invited from suitably experienced 
Nigerians for the above appointment. Candidates 
must be able to undertake repairs of all electro- 
medical instruments, diathermy, physiotherapy and 
E.C.G. apparatus, etc. Salary scale (pensionable), 
£684 p.a., rising to £1,314 p.a. Entry into the salary 
scale will be dependent upon experience and quailifi- 
cations. The appointment will be on probation for 
three years. Free passages are provided to Nigeria 
for the candidate and, if married, for his wife and up 
to a maximum of three children. Applications should 
be submitted not later than 15 October, 1960, on 
the appropriate forms, which can be obtained, with 
further particulars, on receipt of an addressed 
foolscap envelope from the Adviser on Staff Recruit- 
ment, London Office of University College Hespital 
(Ibadan), 91 Regent Street (Third Floor), London, 
Ww.l. W 4007 


UNIVERSITY OF SOUTHAMPTON. Junior 
Technician (male or female) required in Physics 
Department to help in electronic instrument con- 
struction for artificial earth satellites. No previous 
experience required. Salary £210 at age i6 rising to 
£400 at age 23. Applications stating age, qualifica 
tions and names of two referees to Secretary and 
Registrar, University of Southampton, as soon as 
possible W 3998 


UNIVERSITY OF SOUTHAMPTON. Senior 
Technical Assistant required in Physics Department 
to help in design and construction of electronic and 
other instruments to be used in artificial earth 
satellites. Experience in use of transistors essential; 
familiarity with nuclear instrumentation desirable. 
Appointment for 3 years in first instance. Salary up 
to £950 per annum according to experience. Applica- 
tions giving full details of experience and qualifica- 
tions and names of two referees, to Secretary and 
Registrar, Univeristy of Southampton, as soon as 
possible. WwW 3999 


ELECTRONIC ENGINEERING 


WAR OFFICE requires Technician in London 
to assist in planning and progressing production of 
fighting vehicle equipments and repair schemes. 
Range covers mechanical, a and trae 





H.N.C. preferred with recognized engineering 
apprenticeship or equivalent training in appropriate 
trade. Experience preferably in both mechanical and 
electrical fields. Production experience and ability to 
assess manufacturing capacity advantage. Salary: 
£1,065-£1,300 p.a. Forms from Ministry of Labour, 
Technical and Scientific Register (K), Almack House, 
26 King Street, London, $.W.1, quoting C673/0A. 
Closing date, 14 October 1960. W 3990 





SITUATIONS VACANT 





AN OLD ESTABLISHED COMPANY at 
present engaged in Light Engineering in the Midlands, 
is considering the manufacture of Small Electronic 
Components. An opportunity exists for an en- 
thusiastic, ambitious young man to start and take 
charge of the design and manufacture of whatever 
components he considers will sell. Box No. W 1393. 


A.E.1. Electronic Apparatus Division, Test Engineers 
and Testers required for Ground Radar, Servo 
Control, and Computer Systems. H.N.C. and O.N.C. 
or equivalent qualifications an advantage. Excellent 
opportunities are available in this field for suitable 
applicants. If you have sufficient technical quali- 
fications and experience, then apply to: The Employ- 
ment Supervisor, A.E.I. (Manchester), Ltd., Trafford 
Park, Manchester, 17. W 4014 


CARRIER TRANSMISSION ENGINEERS. 
A number of Senior and Junior Development 
Engineers are required for work on wide band carrier 
systems in an expanding department. For the Senior 
posts applicants must have a good Degree or 
equivalent technical qualifications and some years of 
responsible experience. The Junior posts are for work 
on System Develop . Equip Design, and 
Technical Writing. Please write, stating age and full 
particulars of qualifications and career, to the 
Personnel Manager, Ericsson Telephones Limited, 
Beeston, Nottingham, quoting reference DH/EE. 

W 4008 





CHIEF TECHNICIAN (Electronics) required 
for work n University Laboratory, having experience 
in the design and construction of electronic apparatus 
for research purposes. Experience with pulse circuits 
and/or V.H.F., and H.N.C. or equivalent would be 
an advantage. Salary according to qualifications and 
experience, in scale £825 by £25 to £925 p.a., plus 
£45 London Weighting. Superannuation Scheme. 
Applications as soon as possible to Head of Electrical 
Engineering Department, Imperial College, London, 
S.W.7. W 4009 


ELECTRICAL TECHNOLOGIST. Gillette 
Razors and Blades (a Division of Gillette Industries 
Ltd.). Electrical Technologist, male, aged 25-35 
years, required in our Works Laboratory. Higher 
National Certificate or equivalent in Electrical 
Engineering preferred, but National Certificate with 
suitable experience will be considered. Work 
will involve modifications to improve existing 
process and construction of equipment for raw 
material and process control. Apply by letter, in 
strictest confidence, stating age, qualifications, 
experience and salary required, to The Personnel 
Manager (Ref. No. m.14), Gillette Razors and 
Blades, Great West Road, Isleworth, Middx. W 3986 


ELECTRONIC ENGINEER required for 
development work on specialized electronic equip- 
ment. Minimum qualification H.N.C. (Electronics). 
Applicants must have not less than 3 years’ experience 
and sound knowledge of transistor techniques. 
Please reply, stating experience, qualifications and 
salary required, to Electronics Manager, MPE 
(Finchley) Ltd., Dollis Park, Finchley, London, 
N.3. W 1385 


ELECTRONIC ENGINEERS are required for 
design and development work on a wide range of 
Control Equipment and Automatic Systems for 
Railway Signalling and Traffic Control on British 
and Overseas Railways, and for the automation of 
Mechanical Handling Systems in Collieries. There 
are vacancies for Experimental Laboratory Assistants 
holding an O.N.C. and having had some practical 
experience of Electronic Equipment. Day release 
may be granted to permit continuation of studies. 
There are also vacancies for Assistant Engineers with 
a degree or H.N.C. with Electronic or Telecom- 
munications subjects. Holiday arrangements already 
made for this year will be honoured. Write stating, 
Age, Qualifications, Details of Experience and 
present Salary to: Chief Electrical Engineer, Signal 
& Colliery Division, Westinghouse Brake & Signal 
Co. Ltd., New Road, Chippenham, bateemeaar™ 3959 


ELECTRONICS TECHNICIAN. An electronics 
technician is required to undertake the construction, 
development and maintenance of electronic and 
electrical equipment used in the physiological and 
radiological fields of medical research. The post will 
be in the Senior Technician Grade, £550-£850 p.a., 
plus Children’s allowances. Apply to The Secretary, 
Nuffield Institute for Medical Research, 43 Wood- 
stock Road, Oxford. W 3993 


ELECTRONIC TEST ENGINEERS required 
for Photo Electric and Electronic Controls, by rapidly 
expanding and old-established company. Knowledge 
of industrial control equipment essential, although 
positions are available for both Senior and Junior 
Engineers. Permanent positions with Superannuation 
Scheme. Apply Staff Manager, Radiovisor Parent 
Limited, Stanhope Works, High Path, S.W.19, or 
telephone CHErrywood 3351. W 4011 


ELECTRONIC TEST ENGINEERS and 
Testers. Light Engineering Company in the Midlands 
is requiring the above for the testing of electronic 
equipment on Government contracts and com- 
mercial television. Applicants with a knowledge of 
this type of testing and wishing to obtain well-paid 
positions, should apply stating qualifications and 
experience to Personnel Manager, Box No. W 3985. 


ENGINEERS with some five years’ practical 
experience of radio frequency design work 
required for interesting new project in laboratory 
situated in South West outskirts of London. Some 
experience of cables an advantage. Pension Scheme. 
Write, giving full particulars of experience and salary 
required, to Box No. W 1383 


HIVAC LIMITED, a Company associated with a 
major group in the telecommunications field, 
requires an Electronics Engineer to work on 
problems associated with the application of valves, 
cold cathode tubes and other electronic devices. 
Some experience in the design of electronic counters, 
logic circuits, ets., would be an advantage but is not 
essential. The candidate should have a degree or 
equivalent qualification and enthusiasm for his 
subject. Applications, which will be treated in strict 
confidence, should be addressed to the Engineer-in- 
Chief, Hivac Limited, Stonefield Way, Victoria Road, 
South Ruislip, Middlesex. W 1388 


IMPERIAL CHEMICAL INDUSTRIES 
LIMITED, Plastics Division, have vacancies for 
Assistant Technical Officers, mostly at Welwyn 
Garden City, for work on Instrumentation Develop- 
ment and Maintenance. Applicants should hold at 
least an Ordinary National Certificate in Applied 
Physics, Mechanical or Electrical Engineering and 
preferably have some practical experience in the 
branch offered. Some Development posts are on the 
electronic side where knowledge of transistors, 
computing techniques and servomechanisms would 
be an advantage. Good starting salaries will be paid 
and Pension and Profit Sharing Schemes are in 
operation. For married men temporary lodging 
allowances are available and assistance is given 
towards removal expenses. Apply briefly, quoting 
3124/AE, to the Staff Manager, Imperial Chemicai 
Industries Limited, Plastics Division, Black Fan 
Road, Welwyn Garden City, Herts. W 4005 
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If the transistor you’re after is a rare specimen with unusual characteristics 


you can go a long way before you finally pin it down. Give us an idea of the 


kind of specimen you are seeking and we may be able to give you the answer. 





The list of Ediswan Mazda tran- 
This could be it! 


If you are looking for a VHF pnp drift 
transistor, the XA131, a recent addition 
to our range, may be the one you want. It 
, , is suitable for use as a Local Oscillator up 
bring you details of the very to 250 Mc/s or an R.F. Amplifier up to a 
frequency of 100 Me/s. 


sistors is constantly growing; 


a request on your letterhead will 











latest types. 


EDISWAN Associated Electrical Industries Limited 


MAZDA ee 
Radio & Electronic Components Division 
SEMICON DUCTORS Semiconductor Department, 155 Charing Cross Road, London W.C.2 
Tel: GERrard 8660 Telegrams: Sieswan Wescent London 


crc 15/74 
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SITUATIONS VACANT (Cont'd.) 





ja oh sng says OF SCIENCE AND 
TECHNO GY. Experimental Officer required 
for romanian in the application of electronic 
techniques to the analysis, operation and control of 
electric power systems. Applicant must have sound 
training of degree standard and possess initiative. 
The a intment will permit of a suitably qualified 
elder Solem a candidate for a higher degree. Salary 
in scale £730 « 30 to £840 « 40 to £1,000 p.a. , accord- 
ing to qualifications. Superannuation "Scheme. 
Apply to Head of Department of Electrical Engi- 
neering, Imperial College of Science and Technology, 
Exhibition Road, London, S.W.7, before 15 October 
1960 W 3991 


KELVIN & HUGHES LIMITED, New North 
Road, Barkingside, Essex, have vacancies for Senior 
Engineers to lead teams engaged on Research and 
Development projects in connection with underwater 
acoustics and non-destructive testing. Honours 
Degree in Physics or Electrical Engineering pre- 
ferred, together with some form of experience in 
Electronics and/or Acoustics. Development Engin- 
cers able to work largely on own initiative on specific 
projects in the above-mentioned fields. H.N.C. and 
Endorsements necessary as a minimum standard in 
Electronics, Light Current or Physics. Senior 
Experimental Engineer used to ray/light mechanics 
for development work in the above fields. Mechanical 
Engineering Degree preferred with some years 
workshop experience. Progressive salaries recognised 
degrees of responsibility. Contributory Pension and 
Life Assurance, recreation facilities, medical and 
canteen services. Applications, stating qualifications, 
rsonal details and salary required, to 


experience, 
Personnel Manager, or phone Hainault 2601 (Ext. 5) 
for appointment W 3981 


LOUIS NEWMARK LIMITED, leading com- 
parry in the design of auto pilots for helicopters are 

their at their Development 
Laboratories at Bn. and have the following 
vacancies to be filled immediately. Engi and 
Assistant Engineers with degree or H.N.C. and 
experience in the field of light electrical engineering, 
electronics, electro mechanical devices or semi 
conductors, to work on the devel installati 
and flight testing of automatic pilots. Salary com- 
mensurate with experience. Pension Scheme. Apply 
in writing, giving full particulars to: Personnel 
Offieer, Louis Newmark Ltd., Prefect Works, or 
Way, Croydon, Surrey. W 351 








PATENT LIAISON OFFICER. Engineer 
(B.Sc. or H.N.C. standard) required for Patent work 
in a large Telecommunications organisation. The 
work covers studies on probable novelty and scope 
inventions, searches into prior art, and liaison with 
inventors and Patent Agents on the filing of applica- 
tions. Knowledge of telephone exchange switching 
and electronic logic circuitry is desirable, and the 
salary will be commensurate with the specialist 
nature of the work. Replies to Director of Engineer- 
ing (Telecommunications), ref. 235, Associated 
Electrical Industries (Woolwich) Ltd., London, 
S.E.18 W 3987 


RADIO AND TELEVISION Development. 
A well-known Company in the Midlands, Manu- 
facturers of Radio and Television Equipment, has 
vacancies in its Deisgn and Development Labora- 
tories for experienced: (a) Development Engineers; 
(b) Television and Radio Engineers; (c) Mechanical 
Designers and Draughtsmen; (d) Technical Assist- 
ants, for expanding contract and commercial pro- 
grammes. Opportunities exist for development work 
on all types of radio communications and colour 
television Applications, stating qualifications, 
experience and salary required, should be addressed 
in confidence to the Personnel Manager, Box No 
W 3984 


TRANSFORMER DESIGN ENGINEER, 
aged 19-24, to work with team of designers on 
audio and small power transformers. Excellent 
prospects in expanding organization. Reading 
Windings Ltd., 169 Basingstoke Road, Reading 
Berks W 1382 
ULTRASONICS LTD. Westgate, Otley, York- 


shire, are looking for an electronics engineer, who 
would be directly responsible to the Senior Develop- 
ment Engineer, to do interesting and individual 
design and pre-production work. The successful 
applicant, who should be between 23 and 30 years 
of age, need not have academic qualifications, but 
should have had good experience in electronics, e.g. 
in radar and control systems. 
permanent and pensionable. Please write giving full 
details to the Managing Director. / 
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SITUATIONS WANTED 











A.M.BRIT.I.R.E., Grad.L.E.E., 10 years’ specialist 
telecommunications officer in REME, available 
March 1961, aged 32. Wide experience all aspects 


maintenance of services wireless, line and radiac 
equipment, including practical and _ theoretical 
instruction and preparation of technical literature. 


Ex-S.R.D.E., Comean, etc. Varied experience 
planning and control of electronics repairs and 
ancillary trades, including civilian staff. Knowledge 
French, German, Spanish. Salary around £1,500 
Box W 1390 

APPOINTMENT SOUGHT associated with 
sales, or development side of electronics, by young 


on electronic 
Prepared to 


married man at present engaged 
computers in an engineering capacity. 
travel. Box W 1387. 


EXPERIENCED TECHNICAL AUTHOR 
available for senior position. Experienced M. of A. 
Admiralty and BBC requirements. Electronic and 
mechanical. Technical French and German. Located 
London but would welcome change. Box W 1391. 


QUALIFIED SENIOR ELECTRONIC ENGI- 
NEER, now working in Paris, seeks post in England 
Good command of Russian, French, Italian, German. 


Specialized 4 years in nuclear instrumentation, 

previously in low frequencies, ultrasonics, high 

frequencies. Write Desto 12, r. Houdart, Paris 
W 1386 





FOR SALE 





““BARCRO” Book Holder Model Reducing and 
Enlarging Camera to take books and drawings up to 
40 in. by 30 in. and make enlargements up to the 
original size along with extensive dark-room equip- 


ment. For further particulars apply Borough 
Engineer’s Office, Municipal Buildings, Halifax 
Road, Dewsbury. W 4010 


50,000 PRECISION 
of all 
bevels. /. 
The | Davall< Gear Company Limited, 
Middlesex (Telephone No. Potters Bar 


INSTRUMENT GEARS 


types from stock. (Now including spiral 
Write f for fully comprehensive catalogue. 
Potters Bar, 
2382). 


W 1384 


SERVICE 


Scandinavia. 
facilities 


ELECTRONICS EXPORT to 
Danish firm with wide technical sales 
invites offers to Box W 1389 


EXTRA PRODUCTION FACILITIES: Skilled 

workers + floor space + expert supervision= 

extra production facilities for you. See page 194. 
W 355 


LIGHT ASSEMBLY Capacity available, small 
old established firm has spare capacity for electronic 
and small control work, coil winding, glass-blowing, 
vacuum pumping and annealing. Sordoviso Switch- 
gear Ltd., Duke Street, Loughborough. W 1320 


METALWORK. All types cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. 

WwW 34 


TRANSFORMERS DESIGNED AND MANU. 
FACTURED Prototypes or batch productions 
of all ty upto 3 KVA. Prompt delivery. Suppliers 
to B ITA., Universities and leading Industrial 
Concerns. Est. 1922. Phone: SHI: 2483. Forrest 
Transformers Ltd... Shirley, Solihull, Warwickshire. 
Telephone SHIrley 2483. W 35u 
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CAPACITY AVAILABLE 


CABLEFORMS AND WIRING. Lexor 
Electronics Limited have quantity capacity for all 
types of cableforms, looms, harnesses and equipment 
wiring. All inquiries to Allesley Old Road, eat 

) 346 


light assembly work 
Box W 1371. 


COIL WINDING and 
production capacity available. 


NEGATIVES AND POSITIVES from your own 
Printed Circuit Master Drawings to close tolerances 
with a 24 hour service (if required). Print & Photo 
Services Limited, 43 Selsdon Road, South Croydon, 
Surrey W 1392 


PRODUCTION CAPACITY. Lexor Electronics 
Limited have quantity production capacity available 
for electronic equipment and microwave assemblies. 
All inquiries to Allesley Old Road, ates | : 
45 


PROTOTYPE AND PRODUCTION. Capacity 
offered for all your requirements in the electronic 
and electro-mechanical fields. Highly competitive 
prices and assured deliveries. Newlyn Electronics 
Ltd., Fradgan, Newlyn, Penzance. Tel. Penzance aeet 

W 1342 





EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook 
—FREE and = free. B.L.E.T. (Dept. 337c), 
29 Wright's , London, W.8. W 316 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of oxperi- 
menting with and ons radio apparatus—‘as you 
learn’. Free Brochure from Dept. EEI0, Radio- 
structor, 40 Russell Street, Reading, Berks. W 353 


STUDY RADIO Television and Electronics with 
the world’s largest home study organization. Brit. 
LR.E.; City and Guilds; R.T.E.B., etc. Also 
Practical Courses with equipment. No books to 
buy. Write for free Prospectus stating subject to 
LC.S., Intertext House, Parkgate Road, (Dept. a 
London, S.W.11. W 354 


SURREY COUNTY COUNCIL, Ewell 
County Technical College. A course of 12 weekly 
lectures entitled ‘*Transistors and their Applications”’, 
will commence on Wednesday, 28 September 1960. 
The course is suitable for the circuit engineer and 
physicist, and will be given by the staff of the Mullard 
Research Laboratories. For details apply to the 
Head of the Science Department, Ewell Technical 
College, Reigate Road, Ewell, Epsom, Surrey 
Telephone Ewell 5025. Fee for course will be 
£1 2s. 6d W 3983 


TV. AND RADIO—A.M.BritLR.E. City & 
Guilds, R.T.E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
details of Examination and Home Training Courses 
ow ged = apparatus) in all branches of 
Radio, . and Electronics, write for 148-page 
handbook—Free. B.I.E.T. (Dept. 337H), 29 ba 2 . 
Lane, London, W.8. 


AGENCIES 


CANADIAN REPRESENTATIVE. Newly estab- 
lished Manufacturers’ Representative with fifteen 
years’ experience, seeks one or two additional 
component lines for Canada. Write S. Morris Sales, 
P.O. Box 923, St. Laurent 9, P.Q. Canada. W 4000 
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Most Significant Advance 
in Bridge Design 


in many years 





2. UNIVERSAL 
_....° IMPEDANCE 
“| BRIDGE 


GENERAL RADIO 
Type 1650 


Universal impedance Bsidge With ‘Orthornull’ to speed balance — eliminates sliding null. 


Wide Ranges—R 0:0010 to10Moa_ L t1uh to 1000h 
C tuxuf to 1000 uf D 0-001 to 50 at 1kc/s 
Q 0-02 to 1000 at 1kc/s 


Basic 1% Accuracy for R, L, C—5% for D and Q. Not reduced at range extremes 


Ready to use — battery operated with built-in null detector and 1-kc/s generator 
(20c/s to 20kc/s frequency range with external generator) 


Unique Carrying Case allows panel to be tilted to any convenient angle... 
closes for complete protection 


Write for complete information 


Dlaude Lyons Mtd. (€) 


Sole U.K. representatives of the General Radio Company, U.S.A. 








Valley Works - Hoddesdon - Herts - Tel: Hoddesdon 4541-6 
and 76 Old Hall Street - Liverpool 3 - Tel: CENtral 4641-2 


cL 55/18 


OCTOBER 1960 (x) 227 ELECTRONIC ENGINEERING 





SITUATIONS VACANT (Cont’d.) 





SENIOR 
ELECTRONIC 
ENGINEER 


Are you a development engineer seeking a post where 
an above-average ability is matched by an above- 
average salary, in a Company which has doubled its 
size five times in ten years and yet is still small enough 
to offer excellent prospects for anyone with real 
ability ? 


If you would like to work in a well equipped laboratory 
in North London with ample assistance from junior 
engineers, where transistor pulse circuits of original 
design are the order of the day we should like to meet 
you. 


Please write to: 
Mr. J. Alexander, at 


BOX No. W 3997 





SENIOR TEST 
ENGINEER 


An interesting vacancy exists for a qualified Electronic 
Engineer in the Engineering Division of E.M.I. 
Electronics Ltd., at Hayes, Middlesex. 

He will have an overall responsibility for the testing 
and inspection of complex electronic units of prototype 
equipment in the development stages and will work in 
close contact with design engineers to ensure satis- 
factory performance standards can be adequately 
specified. 

It is considered that the successful applicant will have 
some knowledge of Ministry Inspection procedures 
and be familiar with prototype equipment associated 
with Radar or similar systems. 

This post commands a good starting salary based on 
qualifications and experience and has excellent 
prospects. 


Applicants should write, giving full details and quoting 
Ref. EL/9/Al, to: 


Personnel Manager, 


E.M.I. ELECTRONICS LTD., 
HAYES, MIDDLESEX. 











E|LIOTT 


ELLIOTT BROTHERS (LONDON) LIMITED 
have a vacancy in their Inertial Navigation Division 


at Borehamwood for a 


SENIOR ENGINEER 


Applicants for this post will be called upon to 
show evidence of suitable experience and of 
interest in work involving advanced techniques 
in the electronic and electro-mechanical fields. 
It is essential that they are capable of controlling 


staff engaged upon development work. 


Apply to the Personnel Manager (Ref: 242) 


Elstree Way, Borehamwood, Herts. 











ELECTRONIC ENGINEERING 











The comprehensive range of 


HIRSCHMANN 


PLUGS 
SOCKETS 
TERMINALS 


AERIALS 
ETC. 


is now 
available 


%* Fitted as 
standard by 
leading 
manufacturers 
in W. Germany 
and other 
countries 


Full details and 
catalogue from was 
sole U.K. agent . 


NEOFLE X 


LTD. 


1233a NEASDEN LANE, LONDON, N.W.I0 
Tel: GLADSTONE 2718 & 4075 








EE 26 267 for further details 
OCTOBER 1960 
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electronic 
engineers 


for supervisory appointments 


e High technical interest 

e Opportunity to travel abroad 
e Individual responsibility 

e Good promotion prospects 


e Excellent salary levels 


Ferranti Computer Division are about to make super- 
visory appointments in connection with Computing 
Installations, planned or already operating, in the U.K., 
France, Norway, Sweden, Italy, Germany, Switzerland, 
South Africa and South America. 

If you have no academic qualifications, good Service 
experience will be favourably considered, as successful 
candidates will be given six months’ training. 

This is an opportunity to join the most progressive 
computer team in Britain. Please write, giving details 
of your qualifications and experience, to 
T. J. LUNT, Staff Manager, Ferranti Limited, Hollinwood, 
Lancs. And quote reference CDM. 


erranti computers 
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TORR ERROR ERE RE RK EX ERE EERE EERE EES 


* Radio Engineers are required to undertake research on 


Rein em sophisticated communication problems in the HF, VHF 


Plessey | 


| and UHF bands. Creative ability is essential and experience 


in these fields is desirable. Knowledge of transistor cir- 


are opening cuitry at high frequencies and of information theory would 


be an advantage. 


A NEW An Electronic Circuit Design Engineer is required to join a 


team engaged upon speech bandwidth compression research. 


RES FA RCH The successful applicant will be required to develop special 


urpose computing circuits, requiring a knowledge of 


Pp 
LABORA j ORY circuit design including modern network synthesis and 


filter theory. Adequate mathematical background and 


at : : : 
experience in the design and use of analogue computers. 


WEST LEIGH Experience of transistor circuit design desirable and a 


P knowledge of probability theory and information theory an 
Hampshire 
advantage. 


The Company’s new Electronic Research Applications should be addressed to the Personnel Manager, 
Laboratory at West Leigh is situated between 
Chichester and Portsmouth and offers these 
excellent career opportunities, Havant, Hants., quoting Ref. ERL/634/EE. 


The Plessey Company Limited, West Leigh, Bartons Road, 


MICHELIN BIUISIH 


TYRE Co. LTD. 
STOKE-ON-TRENT, STAFFS. 





DEVELOPMENT ENGINEERS 


has several vacancies for draughtsmen and designer- 
pa required for a variety of interesting positions at the Plymouth Laboratories 
0 


draughtsmen (electrical). 
BUSH RADIO LIMITED 

The work 1S interesting and varied and includes 1. AN ENGINEER to take charge of a small team developing Tele- 
design, installation and maintenance of all electrical vision R.F. and associated Circuits. 

and electronic services in a large factory and its . AN ENGINEER to work on various Television problems, including 
subsidiaries. Synchronising and Time Bases. 

. SENIOR ENGINEERS and TECHNICAL ASSISTANTS to work 
Applications are invited from experienced men, on a range of new products. 

who should have a minimum qualification of O.N.C. Desirable qualifications—a degree, Grad.|.E.£. or H.N.C., together with 
These positions are permanent, progressive and some experience in the appropriate field. 

pensionable. Assistance with housing given in Essential qualifications—enthusiasm and keen interest in this type of 
appropriate cases. Removal expenses paid. _— 

Working conditions are excellent and include a 38}-hour week and a 
pension and life assurance scheme. The spacious laboratories are in a 


e bY ia ’° 
N.B.—Stoke-on-Trent is not in the “Black Country pleasantly-situated new building in Plymouth—an attractive modern city 
and the factory Is quite close to rural areas. contributing to the many advantages of life in the South-West. 

; Please apply, giving full details of qualifications, experience and salary 
Please write to Mr. B. G. Tierney, Technical required, to 
Personnel Officer, at the above address for application The Chief Engineer (Plymouth) 


form quoting Ref. BZ/528/88/ENE BUSH RADIO LIMITED 
Northolt Avenue, Ernsettie, PLYMOUTH, Devon 
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-.Microwave...... 
Engineers 


Lenkurt Electric Co., a leading commercial manu- 
facturer of high performance carrier telephone, 
microwave and data transmission equipment, 
has immediate permanent openings for senior 
microwave engineers in the development of 
microwave radio systems for multi-channel 
telephone service. Experience in video amplifier 
and broad band IF circuits, microwave test and 
design techniques and an understanding of semi- 
conductor applications in the microwave region 
is desirable. ‘5-10 years experience with a BS 
degree or higher required. Top salary, liberal 
fringe benefits, including stock purchase plan. 


Modern engineering labs located on the 
beautiful San Francisco Peninsula. 
Previous United States security clearance 
not essential. 


Also other Communications Develop- 
ment Engineering positions available. 
For interested engineers, facilities in 
Vancouver, B. C., Canada offer many 
opportunities. Relocation expenses 
guaranteed for selected engineers. 


A pa ee Se er 


Kindly direct inquiries to: 

E. Jack Shannahan Employment 
LENKURT ELECTRIC CO., Inc., 
1105 County Road, San Carlos, California. 


Manager 


W. O. Clement Personnel Manager 

LENKURT ELECTRIC CO., Led. of Canada 
7018 Lougheed Hwy., N. Burnaby 
Post Office Vancouver, B. C. Canada 


ELECTRIC CO., INC. 


SAN CARLOS ~ CALIFORNIA 


a subsidiary of General Telephone and Electronics 


GCOmiRaAL 











FAIREY AVIATION 
LIMITED 


Hayes Middlesex 


VIBRATION TEST 
DEPT. 





VIBRATION 
ENGINEER 


required for senior post to 
work on practical investi- 
gations of vibration and 
fatigue in helicopters. 
Candidates should be 
graduates or hold HNC 
with Endorsements and 
have several years experi- 
ence in this field. 


TECHNICAL 
ASSISTANT 


required for the mainten- 
ance and development of 
Strain gauge equipment 
used in vibration testing 
of helicopters. Candidates 
must hold C & G Tele- 
communications Part IV or 
HNC or have considerable 
practical experience and 
**know how’’. 





Applications for these interesting and rewarding 


positions should be sent to the 


Personnel Manager at Hayes, Middx. 


SFIS PSPSPS LS SSSI ISS SSIS SILI LIDIA ALD DIDI 


SOY YS SSS S IL IS SILL LILI LILA ALIA IIIA IIIA AEI ID 


ENGLISH ELECTRIC VALVE CO. LTD 


CIRCUITRY ENGINEERS 


Experienced circuit constructors are required at 
the Company’s Works in Chelmsford, Essex to 
design and supervise the construction and main- 
tenance of test equipment for the testing of 
specialised valves. 


Desirable H.N.C. in 
engineering and a completed apprenticeship in the 
light electrical engineering industry. 


qualifications: electrical 


Preferred age range 25 to 40. 


Applications to: 


Dept. G.P.S. 
English Electric House 
Strand, London, W.C.2. 

quoting reference EEI506H 


FERRITES FOR DIGITAL COMPUTING 


lead the field in the 
application of ferrites 
for computer storage 


To keep pace with rapid expansion 


TWO 


DEVELOPMENT ENGINEERS 


with a degree, City and Guilds or equivalent quali- 
fications and preferably some experience of pulse 
circuits are required to assist with the design of 
Electronic Test equipment for square loop ferrite 
memory cores and matrix planes, and to undertake 
development work in connection with technical 
enquiries. 


Apply in confidence to the Regional Personnel 
Manager, 


THE PLESSEY COMPANY LIMITED, 
Wood Burcote Way, Towcester, Northants. 


SIAL LAA AAAS AA AA FAFA FAAS AGA AA FA LAA ALD 
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WHAT 5 YOUR LINE? 























RADAR ELECTRONICS? 





TELEVISION ELECTRONICS ? 





Wr ner joer ie 7 











aS 








full particulars of yourself to: 





+= £1100 








ee 





THIS IS 





é OURS 





Do you aspire to a position with responsibility for many thou- 
sands of pounds worth of equipment? Do you realise that this 
field offers excellent prospects of promotion? If so, send in 


"ENGLISH ELECTRIC 


Department G.P.S. 
ENGLISH ELECTRIC HOUSE, STRAND, LONDON, WC2 
Quoting Ref. Number 390F /EE 


















































- 800 < 





























; - COMPUTING SYSTEM SERVICING. 












































for consideration against positions which are and will be 
available after training in London, the Home Counties, 
West Country, Midlands and the North West and others 
which involve travel both in this country and abroad. 

The Company is prepared to assist in any housing prob- 





lem that may arise. | | 




















1 A 4. rl 





eeeee0 
Plessey 


LEIGH ELECTRONIC 
DEVELOPMENTS LIMITED 


NEW LANE - HAVANT: HANTS. 


GROUP LEADER 


This subsidiary of the Plessey Co. Ltd., is engaged on a 
forward looking programme of research and development 
on new and revolutionary electronic vacuum devices. 
A group leader is required to supervise and direct the 
activities of a development laboratory concerned 
primarily with new projects. 

The successful candidate will have at least a Ist or good 
2nd class honours degree in physics and preferably a 
post graduate degree in a relevant field. Several years 
experience in the development of vacuum electronic 
devices or transistors are considered essential for this 
position. 

The post carries a good four-figure salary and super- 
annuation benefits. Assistance with housing can be 
given in certain circumstances. 

Applications to the Regional Personnel Manager, 

Leigh Electronic Developments Limited, New Lane, 
Havant, Hants; quoting reference LED/10. 


ELECTRONIC ENGINEERING 





BELL PUNCH COMPANY LTD. 
have vacancies for keen youn, 
ELECTRONIC CIRCUIT ENGINEERS 


to assist in the design and proving of equipment using 
low-power pulse techniques. 

Applicants should preferably be educated to degree or 
H.N.C. standard and have worked on the design of C.R.T. 
oscilloscopes or digital computing equipment. 


Please write giving details of education, experience and 
salary required to:- 
Mrs. K. V. Gordon, 
Bell Punch Co. Ltd., 
Uxbridge, Middlesex, 
or telephone Uxbridge 8211, 
Extension I11, to arrange an interview. 














SUB 
MINIATURE 


TRANSFORMERS 
AND FINE WIRE WINDING 


to meet your 
special requirements 


Tel HOUnslow 1331 





395 STAINES ROAD, HOUNSLOW, MIDDX. 


EE 26 268 for further details 
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UNITED KINGDOM LIMITED 
CUSTOMER ENGINEERING 


Due to continued expansion International Business Machines, the largest company of its kind in the world, 
requires Customer Engineers to be responsible for the installation, maintenance and efficient working of 
IBM’s whole range of Data Processing equipment including computers, calculators and electro-mechanical 
accounting machines. Applications are invited to fill the following vacancies : 


1. COMPUTER ENGINEER Applicants (age 21—30) should be of H.N.C. (Electronics) standard or have a sound back- 
ground in general electronics, with emphasis on pulse circuitry. A knowledge of computer or calculator techniques 
would be an advantage but is not essential. Computer Engineers selected for the IBM 700 series machines must be prepared 
to spend a training period of 5/6 months in France or the United States. For the IBM 650 and RAMAC systems, training 
given in the United Kingdom or Germany. Excellent starting salaries are offered based on qualifications and experience. 


2. ACCOUNTING MACHINE AND CALCULATOR ENGINEER Applicants (age 2i|—30) should have the ability to 
handle complex electro-mechanical machines and have a sound background in electronics obtained by study for a National 
or City and Guilds certificate or through practical experience in industry or the Armed Forces. Starting salaries 
are between £600 and £750 per annum. Salary increases are awarded solely on ability and performance. Promotion 
prospects to computers or to supervisory/managerial appointments are excellent. 


3. JUNIOR ENGINEER Applications are invited from men aged approximately 18—2! who have G.C.E. at Advanced 
Level in Pure and Applied Mathematics and Physics or who are studying for a National, City and Guilds or similar quali- 
fication. Junior Engineers are trained initially on a limited number of IBM machines and should very quickly reach the 
grade of full Customer Engineer. A starting salary will be given which is commensurate with the very high standard of 
man we require. This is probably the best opportunity of its kind open to technically-minded young men. 

Preliminary interviews for all grades will be conducted at the IBM offices which are located throughout the United Kingdom. 


Applications should be made in writing to the 
Personnel Manager, 


IBM United Kingdom Limited, 101 Wigmore Street, London, W.|I, 
quoting reference 60/96. 











E|LIOTT ELLIOTT BROTHERS (LONDON) LIMITED 


A member of the Elliott-Automation Group, this Company’s activities are widely spread throughout the commercial 
and military engineering fields. The Company’s business includes computing and data handling, automation, com- 
munication, nuclear instrumentation, control and navigation of aircraft and missiles. 


THE INERTIAL NAVIGATION DIVISION 


at Borehamwood (Herts) and Rochester (Kent) has the following vacancies:- 


BOREHAMWOOD: 
One Senior Engineer with basic training in Two Junior Electrical Engineers 


Physics | three Junior Mechanical Engineers 


Gne Senter Electronic Engineer Two Flight Trial Engineers for service in 


Two Junior Electronic Engineers Australia 
Six Technical Assistants 
ROCHESTER: 
One Senior Electronic Engineer with basic One Senior Electronic Engineer (Circuits) 
training in Physics | Three Junior Electronic Engineers 


Four Technical Assistants 





Successful applicants will receive attractive salaries and work in excellent conditions. 
Apply to Personnel Manager (Ref: 243), Elstree Way, Borehamwood, Herts. 
OREN ARR PETE EG ALONE LLL IDLE LE ASL ELLE DELI AMADEO ENEEIIEOEA POS AN 
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Interesting vacancies exist in the Feltham 
Laboratories of E.M.I. Electronics Ltd. 
for the following: 


ENGINEER An Engineer is required to supervise Polar 
Diagram investigations at V.H.F. frequencies. This post 
entails frequent attendance at an aerial site near Feltham 
and would apply to men interested in both !aboratory and 
outdoor conditions of employment. Candidates should hold 
H.N.C. in Electrical Engineering or C. & G. Finals (Radio) 
and should have previous engineering experience in an 
electronic field. Ref. Sa/1/12. 


: TRANSFORMER DESIGNER An Engineer is required 
for interesting development work on new transformer 
techniques, particularly in the power and audio frequency 
bands. Applicants should have had experience of the design 
and manufacture of small transformers for electronic equip- 
ment, and should be capable of developing and applying 
unconventional techniques in this field. Ref. Sa/2/2. 


SENIOR ENGINEER to engage in the critical investigation 
of weapon systems with a view to the appraisal of their 
feasibilities. An excellent academic background biased to 
the theoretical side, together with a wide experience in 
electronics or, particularly the radar field, is essential. 
Candidates should be prepared to produce evidence that 
they possess considerable powers for logical and original 
thinking in the field of applied research. Ref. P/4/206. 


INTERMEDIATE ENGINEER to assist in the engineering 
for reliability and testing of Microwave components. Experi- 
ence of development work in the field of radar and Microwave 
techniques is essential. Ref. P/4/218. 


ENGINEER to investigate defects arising during the 
manufacture and testing of electronic units and to evaluate 
components used in G.W. work. Experience of radar 
techniques, particularly low power pulse techniques would 
be a distinct advantage. Ref. P/4/219. 


ENGINEER INSPECTORS are required by the Inspection 
Department to join a team carrying out electronic inspection 
of complex electronic equipment under development, and 
to conduct liaison with development teams and workshops. 
A sound engineering background with experience of similar 
work is necessary. Ref. 1a/1/58. 


Starting salaries will be determined by qualifications and 
experience and it is Company practice to review salaries 
annually on the basis of ability and potential. 


Please write, giving full details and quoting the appropriate 
reference number, to: 


Personnel Manager 
E.M.I. ELECTRONICS LTD., 
HAYES, MIDDLESEX 


ORT auah 
have vacancies for 


ELECTRONIC & SYSTEMS ENGINEERS 


AND 
TECHNICIANS & DRAUGHTSMEN 


AT THEIR LONDON HEADQUARTERS 
AND ALSO AT GLOUCESTER 


Selected candidates will be required to assist in the design, 
construction, installation and operation of equipment for 
applying the most advanced automation techniques to 
manufacturing processes. 

Applicants for the engineering posts should be between the 
ages of 25 and 35 and should have a degree or equivalent 
qualifications. A recognised apprenticeship or at least 
three years’ industrial experience is desirable. 

Applicants for the technical and draughting posts should 
have O.N.C. or equivalent qualifications. 


Applications, giving details of training, qualifications and 
experience, should be addressed to: 


Head Office Staff Dept., 
(WF /65), Unilever House, Blackfriars, E.C.2. 














SALES /APPLICATIONS 
ENGINEER 


To meet an expansion programme in the Instrument 
Division, an experienced Sales/Applications Engineer, 
with good technical qualifications is required. 
Candidates must be in possession of a thorough ground- 
ing in Electronics and Instrumentation and, in addition 
to handling the sale of the Company’s unique range of 
standard electronic products, must be capable of 
interpreting customer’s specific requirements to a 
design team. 

Customer liaison is required up to commissioning of 
process control systems, special purpose digital and 
analogue computers and instrumentation equipment. 


This is a Senior staff appointment with Pension Scheme, 
and a Company car is provided. 


Applicants should write to: 


Assistant Managing Director, 


NEWMAN INDUSTRIES LIMITED, 
YATE, BRISTOL. 
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MICROCELL ELECTRONICS 





have vacancies in their expanding 
DEVELOPMENT LABORATORIES 
for 


SENIOR ELECTRONIC ENGINEERS 


Preferably with a Degree or H.N.C., and with at least 4 years experience 
in the following fields :- 


INDUSTRIAL DATA HANDLING 


Two with experience in Transistorised Digital techniques and logical 
design. 





One for Systems Study for industrial process control and automatic 
weighing equipment. 


One for design and development of electro-mechanical devices. 


RADAR AND MICROWAVE GROUP 


One with strong theoretical background and a bias towards statistical 
analysis. 





DEVELOPMENT AND JUNIOR ENGINEERS 


are also required for these Groups. 


Applications, giving brief details of training, qualifications and experience 
to Personnel Officer, Microcell Ltd., Blackwater, Camberley. 








DIGITAL COMPUTERS 


Resulting from continued expansion in the computer field, 
a number of vacancies have arisen for 
GRADUATE ELECTRONIC ENGINEERS 
AND FOR TECHNICIANS OF O.N.C. STANDARD 
The additional staff are needed for technical supervision and maintenance 


of Digital Computer Installations. Vacancies exist in London and 
Birmingham. 


Training will be provided for this interesting work and there are 
opportunities for rapid promotion to positions of responsibility. 
Salaries are generous and in proportion to ability 


Please write to: 
PERSONNEL MANAGER, 
THE NATIONAL CASH REGISTER CO. LIMITED 
206-216 MARYLEBONE ROAD, LONDON, N.W.I 











Hawker Siddeley Aviation 


LIMITED 


GUIDED WEAPONS 





A. V. ROE & CO. LTD., 


A vacancy exists for an 


INSTRUMENTATION ENGINEER 


to lead a team in the planning of missile instrumentation systems. 
Academic qualifications to H.N.C. level and at least 6 years experience 
are essential. Senior staff appointment. 


The Division is situated in rural Cheshire yet close to housing and 
shops and on a main bus route. 


Applications, quoting Ref. No. R.209/E should be addressed to the: 
Chief Engineer, 
A. V. ROE & CO. LTD., 


Woodford Aerodrome, Cheshire. 
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ee 
Trangitron 


Electronic Engineers 


The rapid expansion of the European 
operation of the Transitron Electronic Cor- 
poration, the world’s largest manufacturer 
of quality semi-conductors, has created many 
interesting vacancies and applications are 
invited for the following posts: 


pees SEMI - CONDUCTOR 


CIRCUIT ENGINEERS 


to work in a laboratory currently being set 
up in London. Full facilities and freedom 
to carry out creative work on specific pro- 
jects and customers applications will be 
given to suitable candidates. Work will 
mainly involve the use of fast switching 
diodes, Tunnel Diodes, Controlled Recti- 
fiers, P-N-P-N switches, Binistors and other 
advanced semi-conductor devices. 


Applicants should have a university degree 
or equivalent with experience of semi- 
conductor circuit techniques. 


TECHNICAL SALES 
ENGINEERS 


are required for the Home Counties and the 
North and Midlands. These are excellent 
opportunities for Engineers who are 
interested in a sales career that will keep 
them in the forefront of the latest develop- 
ments in the electronics industry. 


Applicants should have H.N.C. minimum. 
Experience of selling in the electronic 
component industry and a knowledge of the 
market in the areas envisaged would be 
considered a distinct advantage. 


Please apply giving brief details of 
qualifications and experience to- 
gether with required salary to: 


[SERN TRANSITRON ELECTRONIC LIMITED 


Bilton House, London, W.5 
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TECHNICIANS 


are required at 
ATOMIC ENERGY RESEARCH ESTABLISHMENT HARWELL 


Post A. Ref. 1764/42 
for technical duties during the construction and commissioning of the 
INTERMEDIATE CURRENT STABILITY EXPERIMENT 
involving prototype testing, liaison with Contractors at works and on site and plant commissioning 
experiments and tests, and later machine operation as part of the I.C.S.E. Operation Group. 
Applicants should have served a recognized engineering apprenticeship or have had equivalent training 
and practical experience in one or more of the following :- 


High Voltage Electrical Engineering, 
High Vacuum Engineering, 
Electronics Engineering. 


O.N.C. in Mechanical or Electrical Engineering an advantage. 
SALARY: £1,015 (at age 30 or over)—£1,160 p.a. 


Post B. Ref. 1767/24 
to carry out maintenance and testing of electronic and electrical equipment associated with the 
ZETA project. 
Applicants should have served a recognized electrical engineering apprenticeship or have had equivalent 
training preferably in electronic engineering. A knowledge of pulse techniques is required and also 
ability to adjust and maintain electro-mechanical equipment. O.N.C. is desirable. 


SALARY: £740 (at age 26)—£925 p.a. 


Housing and contributory superannuation schemes. 


Send POST CARD for details to Personnel Manager, U.K.A.E.A., A.E.R.E., Harwell, Didcot, 
Berkshire, quoting appropriate reference number. 








CONTROL 
SAU NDERS-ROE LIMITED 


a Division of 


Westland Aircraft Limited 


have vacancies for 


CONTROL ENGINEERS 


to work on the trials and further development of ‘Black Knight"’ 
at High Down, Isle of Wight. 

There is also a vacancy for a Mechanical Engineer with Rocket Motor 
experience. 





Applicants should forward details of their career to date to the 
Personnel Officer, 


SAUNDERS-ROE LIMITED 
East Cowes, Isle of Wight, 


Quoting reference EE 70 








Vacancies exist in the Company's Central London Head 
Office for: 


ELECTRICAL ENGINEERS 
in their Emiac Il 
ANALOGUE COMPUTING TEAM 


Candidates should have a good honours degree, mathematical 
ability and a knowledge of control theory. 


Applications giving full details of experience and qualifications 
should be sent to: 


The Personnel Manager (Ref. EE/140), 
Atomic Power Constructions Limited, 
P.O. Box 90, 

28 Theobalds Road, W.C.!. 











ELECTRONIC APPARATUS DIVISION 
DIGITAL COMPUTER DEVELOPMENTS 


Associated Electrical Industries Limited have vacancies in 
the Computer Engineering Department for Engineers 
interested in one of the following fields: 


Digital Data Processing Systems 
Digital Process Control (real-time) Computers 
Digital Data Transmission 


Applications are invited from Engineers having experience 
in one of the following: 


Transistorized Pulse Techniques 
Digital Magnetic Recording 
Logical Design of Computers 


Candidates should be graduates or have the equivalent 
professional status. 


Applications stating age and giving details of qualifications 
and experience should be addressed to: 


Manager, 

Computer Engineering Department, 
Associated Electrical Industries (Manchester) Ltd., 
Trafford Park, 

MANCHESTER, !7 


For the convenience of applicants, interviews can be arranged 
either at Manchester or Leicester. 
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Qari would like to hear from 


SENIOR AND 


INTERMEDIATE 


ELECTRONIC ENGINEERS 


Range of work includes 


COLOUR TELEVISION 
STUDIO EQUIPMENT 
INCLUDING TELEVISION FILM 
TRANSMISSION EQUIPMENT 
RECORDING SYSTEMS 

AND LARGE SCREEN 
COLOUR PROJECTS 
TRANSISTOR CIRCUITRY 
INDUSTRIAL CONTROL 
SYSTEMS 


who want to get ahead 


Grow with us—we're not too big—and you'll retain your 
identity while developing your talent and acquiring new skills. 
The money’s good, the conditions congenial and the promotion 
prospects really excellent. The immediate job—carrying out 
development and design work—offers plenty of scope. 

Our activities cover a wide field, centred mainly on Electronics 
but including also Mechanics and Optics, where allied to 
Electronics. Senior applicants, please give evidence of qualifica- 
tions and experience; Intermediate Post Candidates should be of 
H.N.C. standard with at least 2 years’ experience in industry. 
Staff amenities include canteen, medical and recreational services 
and Pension fund with free life assurance. Ample opportunities 
exist for specialised study and technical education. Suitable 
accommodation can be found at reasonable cost. 


Apply in confidence to Company’s Personnel Manager 
RANK CINTEL LTD., LOWER SYDENHAM, LONDON 





SENIOR 
ENGINEERING STAFF 


are required in’ the expanding Research and Development 
Laboratories of Ultra Electronics Limited, for interesting 
appointments concerned with the following:- 


Telemetry, Data Display and Recording Systems 


Senior positions are available for work on a wide range of 
video and pulse technique applications in the development 
of interesting systems to meet operational requirements. 


Communications 


Senior positions are available in both the Research and the 
Development Laboratories, covering the investigation, 
design and development of advanced communications 
equipment, particularly associated with air-borne and 
portable equipments. 





Qualifications of engineering degree and/or 
professional institution standards are desirable 
and the salary will be attractive and commen- 
surate with qualifications and experience 
offered. The appointments to be made are 
permanent, the Company operates an excellent 
Pension/Life Assurance Scheme and offers 
good working conditions. 


Please write, giving persona! details and relevant engineering 
experience to the: 
Personnel Officer, 


ULTRA ELECTRONICS LIMITED 


Western Avenue, Acton, W.3. 
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ROLLS-ROYCE 


are making ever increasing use of electro and electronic measuring 


techniques in the development of aero engines. 
They hve VACANCIES for men 


who have experience in the 


DEVELOPMENT OF VALVE AND TRANSISTOR 
ELECTRONIC CIRCUITS FOR SPECIALISED PURPOSES 


and are able to test the operation of a ‘‘bread board’’ 
mock-up to a specification and to make up a practical 
layout of components in a form to make it suitable 
for small scale production. Some previous experi- 
ence in tape recording, frequency modulation, 
servo systems or pulse techniques is desirable. 
A degree, H.N.C. or other mark of technical 
proficiency in this field would carry additional 
weight. 


Please write for an application form to the 
STAFF MANAGER, AERO ENGINE DIVISION, 
ROLLS-ROYCE LTD., P.O. BOX 31, DERBY 
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SITUATIONS VACANT (Cont'd.) 


ENGLISH ELECTRIC 


AVIATION LIMITED 


Guided Weapons Division : LUTON — STEVENAGE 


wish to make the following 
appointments in their Electronics 
Department at Stevenage 


SENIOR ELECTRONIC ENGINEER 


To lead a team designing electronic ground control 
equipment for a guided weapon. The work includes 
several widely different process-control problems, and 
the design of a large special-purpose analogue and 
digital computer using transistors throughout. 


The successful candidate will be of graduate level and 
will have at least five years relevant experience. He will 
be capable of directing system and circuit design, 
mechanical design and ‘packaging’, drawing office effort 
and prototype proving. 


SENIOR CIRCUIT DESIGNER 


For the Department’s Instrumentation Group which is 
responsible for all airborne instrumentation and data 
processing equipment in the Company’s guided weapons, 
and for recording and monitoring equipment at trials 
ranges. 


The successful candidate will be of graduate level with 
at least three years experience in a responsible position 
as a circuit designer. He will carry out or direct all the 
circuit design work in the Group. 


SENIOR SYSTEMS ENGINEER 


To investigate the elements of ground control systems 
applicable to radar-guided weapons and carry out the 
initial development. The work is mainly theoretical 
(although not highly mathematical) but involves working 
closely with circuit and mechanical designers to ensure 
maximum ease and speed of operation of the system. 


Candidates should be between about 25 and 35, be of 
graduate level and have experience of either radar or 
radio communication systems, and electronic circuit 
techniques. 


ENGINEERS AND DESIGNERS 


There are several vacancies for men who although 
attracted by these senior appointments lack sufficient 
experience at the present time. The wide range of work 
covered by the Electronics Department gives it members 
unrivalled experience in electronics and control system 
work and the normal practice is for the junior men to 
be given intensive on-the-job training by their more 
experienced colleagues. 

Applicants should be of O.N.C. standard or above and 
part-time study facilities may be available. 


ASSISTANCE WITH HOUSING AND REMOVAL 
EXPENSES MAY BE AVAILABLE 


Apply, in confidence, to: P. L. Burton, Head of 
Electronics Dept., c/o Dept. G.P.S., English Electric 
House, Strand, London, W.C.2, quoting reference 
EE 1316Z. 


A member of the BRITISH AIRCRAFT CORPORATION 








KELVIN & HUGHES LIMITED 


BARKINGSIDE, ESSEX. 


Invite applications for the post of 


for experimental and development work in connection with C.R.T. Displays 
and Instruments incorporating Optical, Electromechanical and Pneumatic 
techniques. 


Degree in Physics and Mathematics preferable, but applications from 
men possessing H.N.C. (Electrical, L.C.) would be considered. 


Interesting post, progressive salary, contributory Pension & Life Assurance, 
Medical & Canteen services, Recreation facilities. Close to Tube Station, 


Applications stating qualifications, experience, personal details and salary 
required to 


Personnel Manager, 
KELVIN & HUGHES LTD. 
NEW NORTH ROAD, BARKINGSIDE, ESSEX. 








TECHNICIANS 


are required at 


ATOMIC ENERGY RESEARCH 
ESTABLISHMENT, HARWELL 


for technical duties during the construction and 
commissioning of the INTERMEDIATE CURRENT 
STABILITY EXPERIMENT involving prototype 
testing, liaison with Contractors at works and on site 
and plant commissioning experiments and tests, and 
later machine operation as part of the I.C.S.E. 
Operation Group. 

Applicants should have served a recognised engineering 
apprenticeship or have had equivalent training and 
practical experience in one or more of the following: 


High Voltage Electrical Engineering, 

High Vacuum Engineering, 

Electronics Engineering. 
O.N.C. in Mechanical or Electrical Engineering an 
advantage. 
SALARY; £925 (at age 30 or over)—£1,105 p.a. 
Housing and superannuation schemes. 
Send POST CARD for details to Personnel Manager 


(1764/42), U.K.A.E.A., A.E.R.E., Harwell, Didcot, 
Berkshire. 














GED 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


Are you aware of the challenging new opportunities available to 
ELECTRONIC ENGINEERS 
in 
SCIENTIFIC INSTRUMENTATION 
A.E.I. Instrumentation Division are expanding their activities in 
MASS Ee ie * RADIO-FREQUENCY SPECTROSCOPY 
LECTRON MICROSCOPY and allied techniques 

and Electronics Engineers are required for a variety of new positions 
in their development, design and engineering teams. Previous experience 
of the equipments is not essential. 

If you think you would be interested in a job in this new field of activity, 
please write for an appointment, giving brief details of your career and 
let us show you what we do. Please reply, quoting reference L.16 to: 

Personnel Manager, 


Associated Electrical Industries (Manchester) Ltd., 
Trafford Park, Manchester, 17 
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SITUATIONS VACANT (Cont’d.) 








TRIALS 
ENGINEER 


The G.E.C. Applied Electronics Laboratories 
STANMORE, MIDDLESEX, 


are seeking Engineers to assist in the preparation and conduct of trials 
of missile electronic equipments, and in the design of associated test 
equipment. Some experience in pulse or radar techniques is desirable. 


Applicants must be prepared to work for limited periods away from 
home, within the U.K. Generous initial salary, reviewed annually. 


LIVINGSTON LABORATORIES LTD 
INVITE APPLICATIONS FOR 


FIELD ENGINEERS 


FOR INSIDE AND OUTSIDE REPRESENTATION 
IN THE LONDON REGION 


Intensive knowledge and experience with the type of 
electronic instrumentation associated with the name of this 
Company is essential. Exceptional working conditions, 
car for outside work, non-contributory pension, etc. Write to 


THE DIRECTOR, 


LIVINGSTON LABORATORIES LIMITED 
RETCAR STREET, LONDON, N.I9 








Please apply in writing to the Staff Manager, quoting Ref. EE/NB. 
F Ké¢ N The Guest Keen and Nettlefolds 
Group of Companies wish to make 


the following appointment at the Group Research 
Laboratory. 


HONOURS GRADUATE 


An Honours Graduate in Physics, Light Electrical Engineering 
or Electronics is required to join, in the first instance, a small 
team designing and developing an unusual feedback control 
system which will be used in automatic inspection devices. 
Previous research or industrial experience is not essential. 
Preferred age 28 or under. This is a permanent appointment. 


Suitably qualified men are invited to apply in 
confidence, giving details of age, qualifications, etc., to 
the Recruitment Officer, 

G.K.N. Group Research Laboratory, 
Birmingham New Road, Lanesfield, Wolverhampton. 





SEMICONDUCTOR 


SALES ENGINEERS 


HUGHES INTERNATIONAL (U.K.) LIMITED is expanding 
its Sales Organisation and requires Sales Engineers based in the London 
Office who are prepared to travel throughout the U.K. Successful 
applicants will be expected to sell components based on advanced tech- 
nology including semiconductors. A degree in Electrical Engineering 
or Physics and some Electronics sales experience desirable. Salary and 
benefits on a generous scale. Car provided. 


Applications, giving full details of age, qualifications, experience, 
and salary required, should be addressed to 
The Sales Manager, 
HUGHES INTERNATIONAL (U.K.) LTD. 

Kershaw House, 
Great West Road, 

Hounslow, Middlesex 

Telephone: HOUnslow 5222 














UNITED COMPONENTS LIMITED 


Design and Manufacturing Organisation for 
R.G.D. — REGENTONE — ARGOSY 


Invite applications from Electronics Engineers for Senior and Junior positions in expanding design teams 
in new and well equipped laboratories. There are vacancies at all levels of seniority—all of them provide 
interesting work and wide scope to men with enthusiasm and who primarily desire to engage in 
development. Salary scales are imaginative and the organisation is young with a record of progressive 


expansion. 


SENIOR TELEVISION ENGINEER 

Experience of leading a small section would be preferable 
and applicants should hold at least H.N.C. The salary will 
be commensurate with experience and status. 


TELEVISION ENGINEERS 

Engineers with three to four years design experience in 
some aspect of T.V. receivers or similar field of circuitry 
will be needed to fill several posts. 


ASSISTANT ENGINEERS 

A number of opportunities exist for young engineers with 
a good basic engineering training, some industrial experience 
and having a strong inclination to radio and television work. 


SENIOR TEST EQUIPMENT ENGINEERS 

Test equipment engineers are required with some years of 
experience in designing all forms of electronic test equipment 
for mass production of radio and television. Specialist 


experience of sweep generators of T.V. signal systems would 
be an advantage. 


MECHANICAL DESIGNERS 
These vacancies occur in the drawing office and call for 
experience of consumer product engineering. It is not 
entirely necessary to have worked in the radio industry. 
The work involves dealing with sheet metal parts, plastic 
mouldings, small mechanisms, etc. 


STYLING 

Cabinet Draughtsmen required for interesting work on 
Radar and Television Styling—knowledge of cabinet design 
an advantage. 


The Company offers good working conditions with up-to-date 
facilities; superannuation scheme; canteen facilities; and 
many social activities. Applications should be in writing 
and will be treated in strictest confidence. 


Write to: CHIEF ENGINEER, UNITED COMPONENTS LIMITED, 
EASTERN AVENUE WEST, ROMFORD, ESSEX. 
TEL: ROMFORD 45991 
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i 
& COMMUNICATIONS Industries 
* “VACUUM-MELTED” components greatly 
increase the life and efficiency of electronic 
tubes. 
* “VACUUM-MELTED” metals possess greater 
density with the elimination of gas evolution. 
% Complete alloying—no formation of gas- 
metal compounds. 
% Low solution gas content. r 
%* Controlled alloy content by preventing the 
formation of oxides and nitrides during the 
melting cycle. on 


% Maximum purity due to absence of inclusions. 


SPEEOIVAC 
HIGH VACUUM RESEARCH FURNACE 


Although designed primarily for research into metallurgical 
problems, this small furnace is already being used for 
production of pure metals for transistors and the brazing of 
industrial diamonds. With its powerful high vacuum 
pumping system it is an actual production furnace in mini- 
ature having a melting capacity of 4 Ib. (steel) and a 
temperature range of up to 1800°C. 


STATIONARY RADIANT HEATER ASSEMBLY 


In place of the pot normally fitted for melting purposes, a 
standard radiant heater assembly (as illustrated) can be 
fitted for general heat treatment up to temperature of 
1500°C (1700°C with increased power supply). An evenly 
heated working space is provided (2 inches dia. by 4 inches 
high) for investigating problems concerned with the brazing 
of multiple joints, vacuum sintering and other heat treatment 
processes. 

















EDWARDS HIGH VACUUM LTD - MANOR ROYAL - CRAWLEY - SUSSEX - ENGLAND - Crawley 1500 7 
t 
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separate ranges 


Record on any one of 


by turning a switch 


The Cambridge Electronic Multi-range Millivolt Recorder is the 
most versatile, flexible and adaptable instrument for research labora- 
tories and development sections, and can be used for many of the 
varied and often complex measurements undertaken daily. A self- 
balancing potentiometer, it can be supplied with three basic ranges and 
up to 30 set-up ranges on each basic range—making 90 in all. For 
example, it could have 30 spans of ImV from 0-1 mV up to 29-30 mV; 
30 spans of 5 mV from 0-5 mV up to 145-150 mV and 30 spans of 
10 mV from 0-10 mV up to 290-300 mV. It is completely self- 
contained, with all the necessary range switches, etc. 


Please write for quotation, stating your requirements in full, and 
giving reference AN/10/60. For future publications, ask for Mailing 
Form AN/\10/60. 


ELECTRONIC RECORDERS - Flexible - Adaptable 
CAMBRIDGE INSTRUMENT COMPANY LTD. |3 GROSVENOR PLACE, LONDON, S.W.| 


Versatile - 
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A TYPICAL 30 KILOWATT 
STABILISED D.C. POWER UNIT 





AYTEL 


STABILISED D.C. POWER UNITS 


AS LARGE AS 30 KILOWATTS 
OR AS SMALL AS A FEW WATTS! 


FOR ALL TELEPHONE APPLICATIONS 


APPROVED FOR P.O. USE 


UNAFFECTED BY WIDE VARIATIONS OF FREQUENCY, 
INPUT VOLTAGE AND LOAD CURRENT 
BETWEEN MAXIMUM AND ZERO 


FREE FROM CYCLIC_MODULATION 


HIGH EFFICIENCY 


SUITABLE FOR USE WITH GENERATORS HAVING 
FREQUENCY FLUCTUATIONS OF +20% 


* NO MOVING PARTS OR VALVES 


CAYSON ELECTRICS LTD. 


WATFORD 


Telephone: WATFORD 27452, 29159, 27156 
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ERIE RESISTOR LIMITED, | Heddon Street, London, W.1, 
England. Telephone: REGent 6432. 
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THE PRECISION 71 RECORDER offers you literally twice 
the performance available in conventional instrumentation 
magnetic tape recorders... at significantly less cost... 
in a fraction of the space. Ask for details and demonstration. 
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